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The invention consists of mr-rtmM 
ucosa) compand to other host tusuo. 

wmcn contain a relatively high concenh^rj^' ?!L:"J'*="'^ recombinant 

uwi or antigen presenting cells (e.g.. 
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Support for Che research disclosed 

provided by the National Inscitutf Z^"" ""^ "^^^^ ^'^^n 
AI37305 a„d/or AR25443. ^ °^ ""^^-^^ ""^er Grant Nos. 

This is a continuation-in-part n c , 

Serxal No. 08/44.. „x. filed June' 7 ^PP^cation 
continuation-in-part of u s p^T ' turn a 

0«/ia.,440. filed August iTsl"!" '^^^^^"^^^ Serial No 

methods for using such vectors ^" ^'^"^^ 

Immunization of a host 

been acco«pli,,,^ ,y rep\^at"dVCacc"'^'" •traditionally 
--unogenic for. of the target antiT" "^ -i'^*^ an 

vaccine design involves the use of """^^^'^^ of 

boost i^une responses to a ta^e.' ZT""'^ '^^"^ 
^he total dose of tolerizing an^Taen '""^'"^ ^^-^r 

protection) . ^ antigen required to induce 
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For example, the cvtok^n^ ; , . 

proUferaclon of C04' Jx'^' jir r '° "'^'^^^^^^ 

inununity) and cytotoxic T lv„,r,f, cell -mediated 

shovm to substantially augment Dr«i J " ^^^^ 

differentiation of Jphoc^e" [ncL:""" 
lymphocytes. There is evidence thaT.TaT T""'^''^ " 
role in confering inm.une protection I ''^ critical 

antigens (^as. e.g., ScotfTr ^""^^ intracellular 

^protective effect :garns"'/„rr"°'-' = 
XX-i2 lost When sou.L " i^Jr^ef • " ''^ 
administration of Purified cytoJnL^":^^ 
toxicity, particularly at doLges s^ff! 

host immune system. The same risk is llTTt ^° "^'""^^'^^ «^he 
Of target antigen to the host il a co -"Ministration 
scheme. ^" * conventional vaccination 

For these reasons, gene transfer (for introH • 
protein antigen and/or cytokine inf * 

an.i.en-hase\™r:: ; It^r ^ 

vectors commonly used for in situ gene e" :"' '"^^ 

integrate endogenous genetic materCl i^f " °" 

and present potential health rrsks "s^o! ' "^""'^ ^^"""^ 

the genetic material in host ^l^^ ^^'^'^^-^-'^ with damage to 

Recently, -naked" gene expression vectors , 

expression of a target polypeptxdeT H . "^^ ' ^^^^'^^'^^ ^or 

express encoded poiypeprideTrr:!"::^'::^:'^^ 

steps in this field v/as • ' °f the earliest 

...... CO... r4t,:r~: j-r"- 
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squirrels produced both viral info . • 
antiviral antibodies in the sjllllsl 

later. Feigner, ec ai.. reported that t^.T : ^""^ 
expression of viral protei-^ fron, , obtained 
skeletal muscle tissue of mice Tp!, i"i«="d into the 

^ = 1^90; .ee pcT appll'Tt"; " " ' 

PP-iication wo 90/11092) . 

More recently, research eoncernino « 

for naked gene expression vec^rrhrr r''"' uses 
gene expression through use of dif f "^^'^ °" enhancing 

vehicles and routes of administratiorr delivery 
e= ai.. Proa. Natl. Aa.d. Sci vsl J^' ^'^'^^^ling, 
fexpression following aerosol de'Cef^o'"'""''^' 
with use of a liposomal delivery sv . ^ ^^"^ occurred 

--e. ^:.S2-XS., X39. finTeTtL™ ^^"^ 
- hC^H plasmid coupled to colloidal gold be JsT,"" """"" °' 
However, use of muscle as a rout^ f=« 
administration has certain drawback!" IT "'"'"^ 
researchers wor3cing with the.Un^'rsitv Z"'"^'"' 
Observed that (sj triated muscre 11,"^ ""^^^ 
be capable of taking up and expressin """^"^ 
are transferred in the form 0^"" ! '"^"""'^ 
indicate that fibers damaged b/tL'^„^."^: ' ^^"<^ings 
«ot take up and express pXasmil T^*""" P-«<i-e do 

Gene Therapy, 4:1SX-1S9, X993) . ' 

The production of humoral immune resoon. 

products Of naked gene vectors L tif '° '"^^ «-Pression 

has sparked interest in the use of t^"" "'"^'^^^ 
for vaccines and to deliver i™,, sectors as vehicles 
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were delivered by reCroviral vectors and 

:::ir::::;— ^^^^^^^^^ 

In s.n«ral. a cellular l«,uoa raaoon.. , 
-particularly c^cu.h expa„lo„™ ''T"" 
population) can b. «t»ct.d to h. "'"'"xic T cell 

protection a,al„,t ^tZ j:"""^ " lon.-ter, 

that expreaae. a„tl„„ muat fi^t^rr 

the extracellular apace for ./dl. H"".''" "'"'.n into 
cells before a claaa I reatrict!! "° Pre.entin, 

to the antigen can be'^^Iull SL'T: ' 

ata^r^r^::."; • 

Preaentin/oell'a'c" i™rL::"°" 
raaponae „ill b. inau^rci:^, "f:,','"; °' ' 

naked ^ene exprea.ion vectora T„ "c^na'tT""'"' °' 

vaccination protocols. 

Summa^ r'l- Tn 

-preaalon vectora-K '4e !re;:re"e" r^ 

the invention include i^unoatimulatoJ^I ?"" °' 

•licit a visorou. c.ll-„«dlat!d P«lyn"cleotidea »hich 

invention al,o include.^ rgen."""— ' ^ 

in »aalpui.ti„g cellular i^r. 'xpre.aion vectora tor u.e 

~«P«-t™„t. toward the THl 

^rrL^TVetVr; to 
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polynucleotlde region -preferably also^n. ^ 

inceresc (e.g., an.igens and cycL^J^jW^;!^^^^*^--^ 

associated with a delivery vehicle ^e^ 

colloidal particles and the liJce) It L ^^Posomes. 

advantages touted for non-viral vectors\ast 

immune responses stimulated by the v ""^^ ^^""^ °^ 

the inventors have discovered tha! 

stimulation of the host '.s.eTr'"'^"'^"^ 

and may be necessary, to Permit u'se of LL "''^ 

vectors as efficient vaccination vehLl^ «-Pression 

In particular, the desicxn of t-H^ • 

vectors exploits the <^"si:lrTl^:TZi^' '^"^ ^'^""^'"^ 
expression by recombinant ex^essLT °' 
sufficient to provoke a prot^c" "e 2^""' " 
the expressed antigen. SpecifrcaUv Th" ^^^'"^^ 
expression levels achieved fro^.i "^-^ively high 

commonly tested for use in geL 

in.munostimulatory PolynucleotrdesT:::'"" '"'"'^^ '""^ 
provoke humoral immune responses of vl "^^ 
-arely produce the cell-medrrr!! '^^''^ intensity, but 

.or long-term protect^"::::::: ZZl^^-- 

acids Which are believed to selectrvei ""'^'"''^ 

transcription of interferon/tx^:, bi""^"""'"^ 

cells (APCs) . which in r„™ . • 7 *"tigen presenting 

and Proliferatil L ^:o\^i"Tl'":: °^ ^^'^ 

According to the methol of the Lve^'LT"' '"^'^ ' 
APCS is augmented and the host's cell ^T"'' "^'"'^^ 

-tigen is enhanced, thus boosting the .ost^ T"^"^^ 
immunity against the antigen In L ! 

9 n. In thxs respect, the naked gene 
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expression vectors of the inv*»r.*--t^ 

infacclon. Th. vector, are „, '=-9., viral) 

expressed antigen. ft°aucCion in response to 

The naked gene expression vectors of th» 

one or more non-coding. in«.unostimulatoL T °" 

Which include at least one dinucirotraeT 

Of adjacent, un^ethylaced cytoslne "^'"^ consisting 

innnunostimulatory polynucleotides u^Tf^rin t^' nucleotides, 
be double or single- stranded DNA or Rna t «ay 
for. double-stranded Palindro.es. l^prer ^^^^ ^"^^'^^^^^^ 
.inucleotide se^ence of the .^^Z:^'"" ^^'^ 
polynucleotides of the invention will be „ 
(upstream or downstream) by two or lL " °" 
and on the other side (upsLea. Z IZsZl^l T'^^'''^^ 
pyrimidine nucleotides The nak«rf ''*^^'="««'> by two or more 

also encode polypeptides " LtelesT™"'"" 
cytokines. "merest, such as antigens and 

Given the immunostimulatory properties of the 
xmrnunostimulatory polynucleotides of the invL.. 
inclusion in other recombinant gene e^L ^ 
antigen-based vaccine co^positioTcaTaLT:: ^^^^""/"^ 
enhance the anti-antigen im„„nxe response of the T'" '° 
another aspect of the invention incLle^^L^^^^e " • ^"^"^ ' 
gene, expression vectors and non- viral -recI^Tri "r"""*"^'^- 
expression vectors -associated with-^^^^^^^^^ 

xmmuno«imuUtory:^ly„ueieotldeF^S^^ 

-..^....^n addition, using the same tecL"!;":™ 
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immunosclmulacory polynucleotides of r-h^ 
incorporated into viral gene exnreL • 
Polvnucxeotides .ay .e in" ;:";; 

- augment t.e i._e respond .oVrll^l^Z::/,'' ^ 

e:cpression vectors of the invention I™" :' ^'"^ 
.nethod Of the invention, naked gene ei^rel^r ' 
introduced into tissues of the loll ^'^"^^^"•'^ are 
concentration of antigen preMt"; ^ ^J^^^^'^ ^^^^ 
<e.g., skin or mucosa) as ^ (APCs) therein 

.uscleK Xn::olc" o^T"!™ ^ ^ 

vectors into the host .ay he by an^ 211^' «-P«-ion 
preferably be made by relatively Z„ "'^^ " 

Chemical or mechanicll irrxtltiL "r^r""" """"" """^ 
cellular layers of mucosa "itrL!:^":.^^^^^™^^ - "PP" 
o^.a._^.combinant e^^ession Vbfc^ :^^"^^^^^^^^^^^^^^ 

^^.<9er^ expression : vectors orrhl r^—^^^^^ 

ad:iuvants to enhance- 1^ 

antigens ^^^Ponse of a host "to the 

Although the invention is not to be limited h 

mechanism of action, it is expected tw P^-t^icular 
naked gene expression vectorfof "he f introduction of the 
Will encourage APC presentation of antrcen\" "^"^ 
processing pathways for stimulation of Si il""^ ' 
xn preference to- TH2 immune responses ^'Z'™'""" responses 
provided by the method of the invent! ' advantage 
encoded by recombinant expressioHecto^s 

or mucosa is that protective im^l ^n^ected into skin 

relatively lo. Les o .IT""!^^ — 

..erefore. -.hough i.-L^rbrUevrrclXr^s 
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cellular protein expression (and could therefore shut down 
antigen presentation over time, . sufficient antigen 
expression can be achieved in the invention to orovide the 
host immunity sought. provide the 

FIGURE a is a map of a pCMV-LacZ vector which ^=r,^. • 
copies of the immunostimulatory polynucirotldeTrT '''^ 
AACGTT (SEQ . ID . No . 1 , . ^Vnucleotxde paUndrome 

Int^d' ' ^'""^ comparing the anti-fi-galactosidase 
antibody response of mice immunised intradermally with either 
Che pCMV-x,acZ naiced gene expression vector, a vecto^whLr 
lacks an immunostimulatory polynucleotide (pKCB-LacZ, or 
co^xnations of the latter vector with K^^TJTZ'ZL 
(ACS, genes or pCMV-CMCSP (encoding granulocyte -mo'cy^"^ 
colony stimulating factor) . >nonocyte 

Of SHQ.XD.No.x were inserted 

Z^o^t " ' ^"^"^ comparing the anti-S-galactosidase Igc 
antxbody response of mice immunized intradermally with 
respectively, the pCMV-LacZ vector th^ r^^nn^ 

PKCB-Xaaz vector, the pKCB-.a:^" ^^ J" 

th<» T « f ei^ veccor, and combinations of 

the pKCB-I.acZ vector with KanR (KCB, and AmpR (acB, genes 
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FIGURE 5 is a graph comparing the igG anciborf^ 
mice to E-galaccosidase after -ntrader^r, °^ 
respeccivel., pCMV-.acZ or che t^'ve^T^ T' 
combination with pUC-X9. vecto. alone and in 

FIGURE 6 is a graph depicting the cellular- 4 
response of .ice after in™un?.atxon 1th ' T"- 
PKCB-Lacz vector, the pCMV-i^cZ vectlr 

sector or a control vector. 

FIGURE 7 is a graph depicting the cellul.^ • 
response of .ice after in«„unLation wie, ^eT"'" 
PKCB-I^cz vector or the same vector In 

ptJC-19 vector. combination with the 

PIOORE sa represents the anti-vir.l 

response, of „ioe i,^i,ed wILrTu T 

•vire. n„=aeoprote.n, ^^..or ™ 

™" ^ce .n,.cte. .ntr»n™, ^.'t^'tJe sa^ 

FIGURE 10 depicts the level of r 

Chinese hamster ovary Jho celL^r^LsT^r^^ 
the pCMV-X^cZ or PKCB-Lacz plasmld^ -^^her 

FIGURE 11 is a Kaplan-Meyer survival curve for ■ 
vaccinated against a viral antigen acc^^ 

the invention and for unvaccin^te: ' " "^'^ '"^^"''^ °* 
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FIGUHK X2 is a graph <^epia.,n,'[^, .^.ory r cell re 

antxgen in mice immunized with pCMV-Lac7lL ^ "^ponses t 

intramuscularly. mtradermally or 

"GURK X3 is a graph depicting the igG 2a res 

antigen of mice immunized intraderm.fi ^^ "«P°nses to 

intramuscularly with PCMV-i^cTcnntiger"'' 

FIGURE 14 is a graph depicting the Igc 2a 
antigen of mice immunized with intraT 

intramuscularly with pCMV-LacZ or Ztl^^ PCMV-i.ac2. 

FIGURE IS is a graph depicting the JaG 2a . 

^^ce described with respect to FXO:nJ^3^f™^:L:" 

FIGURE 16 is a graph depicting the igG 1 r 

-crihed with respect to PXCoL X3 IZl ZTZl^' 

FIGURE X7 is a graph of the anti-s-galactosid 

responses of mice immunized with th! P™rp\a^\:""^°^^ 
FIGURE 18 depicts the anti-NP fin^i 

responses of mice io«„unized ^y ahso"\\" "^"f — -^n, 
antigen through sicin treatL wLh ^"^-^^ 

ea with a keratinolytic agent. 

FIGURE X9 depicts the relative levels of 

-lenocytes from mice immunized with pK^bTT ^^"^"""^ 
a combination dose of pKCB-I^acZ and puc^^^t' ^^'^^^ « 
«ith antigen. ^ '^^^en challenged 
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FIGORE 20 depicts the relative levels of rr ^ ^ • 
splenocytes fro. .ice i.™unieed wit^ pKCB ^ . " ''^ 

a combination dose of pKCB-.acZ anTp^" ttnTlT" 
with antigen. ' challenged 

^^^^ ^n-co,,p,, 1n.,,n o..Unna ^ oclyT, u.1.or-... 

The non-coding immunostimulatory polynucleotides of the 
invention are those which stimulate err . 

to responses to control vector Wi '^""'P*^^^'' 
polynucleotide of the invent^:, 'LT^::,:^^^^^^ 
production of interferons (imf) by llIZ Z -Simulate 

for., such Pol.nucleo:idtt:LTa\^\:L:te"" 
palindromic region (i e a -r-^- ^ -Least one 

=SJ.on ix.e., a region where the nucleo^^H» 
sequence of one strand is the rever.,« 7 
corresnonH.i„ reverse complement of a 

corresponding region of the complementary strand) Each 
palindromic region may be as little Z ^^""^^ ■ Each 
length (and of any maximum length ? eLl^ir; ' 

-------c'reg^r 

restriction sites and linkers. 

Further, each palindromic region of the in^, 
polynucleotides of the invention Includes ""'^ 
dinucleotide sequence,- i.e.. at leas't: Td^ r::n"'''"^' 
nucleotides, where one such nucleotide ***^*'=*"<= 
other such nucleotide is a guan^I^t Z^^™lr 
-lecules, each CO dinucleotide sequence p^seL " 
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scrand is paired with a guanine in a CG 1 " °" 

complementary strand. In sin«i» sequence on the 

^ relative position o. ea\\^"t^~ » - 

.onnunostimulatory Polynucleotide is prelr^l . 

- ~ - "::=v::t:; i„ 

^0 ^^^^^^^^^^ o. each 

by at least two purine nucleotides (e , """l ''^^^^ 
least two pyrimidine nucleotides (e g'^Tc L^^f^' 
the B lymphocyte stimulatory activity ' .if " ^'^^^^ 

stimulatory polynucleotide (see To I 

374..546-S49. 1995). ^ " ' '^^^^S' « al . . jv^ture. 

The i-nmunostimulatory polynucleotides of th« • 

- section X. JZr. 2.::^^^^ - '-^ e..., 

as restriction sites. linJcers anHL i-^e J t""' 
Che immunostimulatory polynucleotide of theT 
inserted into the naked gene exore!!," ^"^^^^ion to be . 

ioununostimulatory Polynucleot.Zs of ::e''"°" " 
inserted at any location in the na^ed 1/""'"'^"'^ ""^ 
and Will preferably be inserted at least ^1'^"^^^°'^ 
resulting vector contains at least tCo palLT " 
according to the invention. Palindromic regions 
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i"r!deT '"'"""^"^""^--^ Polynucleocides of .he invention 

Single -stranded DNA: AACGTT (SEQ tq no i) 
Double-scranded (palindromic, CMA: AACGTT (SEQ.in.No.2, 

TTGCAA 

vector, little .uLrll o: ceTuL^rrr^^ ^^"^ 
expressed antigen is sti^ulate^even TheL^^'^r^ 
expression is increased. For exaZr ''''"^'""^^^ °' ^'^^^Sen 
inci-ari«^ 1 • - f^or example, as shoim in FIGURE 2 

intradermal .n^eccion of mice with a plasmid (pCMV-LacT 
which includes two copies of the imm - 
polynucleotide of SEQ.ID.No.x, stimurrredTs'^st'Lciallv 
rZllV^'TT^^'' ^'''''''^^ - encolT ' 

s^rL™^^^^^^^ -an was 

rrtr:4"/r"™^^^^^ 

and Example II) . LmunostimularL; was ^o^f ! "V"^ 
I^acz vector when one or more copiL of the !r '"^^ 
polynucleotide of SEQ.lD.No. x were Insert 
(to form pKCB-iaaZ and piCCB-2aaZ see 
3b and FXGUKE 3c,- data shol In T""! T"' 

well as after co-administration ofT^e^Ira^e TlT"": "I'' 
T^l- xt:: --tlmui™ oSeotle^ 

.Cimulatinrf^cripr—^^^^ 

Similarly, the cellular immune responses of • 
PCMV-Lacz Plasmid anH ^ . -^^^^^^^ °^ such mice to the 

v.i pxasmxa ana to co-administ5-ari«« * ^_ 

"nu.nxstrati.on of pac-X9 with a 
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KCB plasmid were substantially greater rh=« 

mice injected intradern.aUy wLh the "k^ . """^ ""^'='"" °^ 

lacks an i-unosti.ulacory po wLotS "'^^'"'^ 

(a^, FIGURE 6 fCTL lysifcf cTls tZ , -vention 

transfected with pKCB-I,ac2 or pKCB-.acZ^Lh 1« "^''^ 
c^.an.i,,„ Of pUC-XSK- Example XXX, FXCO^ .s" J^"'^^ 
production by spleen cells from mice ±n^ J 

flow production levels) . pCHV-LTz ,hTT P^CB-LacZ 
or a combination of pKCB-LcZ and p^c rihLT""'"" 
levels, K. rxcORK .0 CX.-. ProductioTb"the LT"'^" 
tested for X..-y p..._,.. „^ X.I and^a^xTx^r"^ 

..e immunostimulato^ ^^.y^.^^ZT oT sllTZ xT"""^ 
particularly surprising in view of the gr!ater'l 
antigen expression obtained in Wvo aftHnlect " 
PKCB-.acZ Plasmid (as compared to ^^t lc^^ dll Z^ 

FXGORE 10, . Logically, one would expect 
expression of antigen to be reflected inTh " 
immune response to the antigen Vet -^"«<ie of 

stimulatory polynucleotide Ta n^"cotnTre\\rr;, 
expression vector, this expectation is no! f^^rriel Tvivo. 

Thus, contrary to present theory in the arr • 
levels Of antigen expression wHl Lt L ^"^^^^^^^ 
i««nune response of an animal to the exT' s^r^^- '""^ 
the context of the invention. itlL^^l" 

POlynucleotides.of .the inven;io" "atLjT"" '^'"'''^^ 
magnitude of anti«o« "^^on. rather ..thanrjusc%rthe^ 

, - ^" ffene fimmunization 

protocols-. This activity on the nart -k ' 

y P*^'^ of the immunostimulatory 
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l2ZsT°"'''^^ °' '""^ '^'^'^ "coo^inanc gene 

expressxon vectors which contain them) . as well as the 

benefxc^Lal adjuvant effect of that activity is u 

given the general view in the art that OnI ^s a pooT'"^' 

xn^unogen and that i™„u„e responses to geL exo.essL 

vectors for use in gene replacement and vac=rZt!ir 

Should be avoided (as compared to the del T 

response sought in the latter cortl^t, tigen 

Other exemplary immunostimulatorv T^r^^.^ <. 

shown) : ^ palindrome is 



GCGCGC (SEQ.ID.No.3) nj^nn^r. , 

ACCGGT (SEQ.ID.No.lX, <SEQ. ID.No . 10) 

CGACGATCGTCG (SEQ.ID.No.XS) <SEQ. ID.No. 14) 

CGACGACGATCGTCGTCG CSEQ . ID . No . 16 ) 
CAACGTTG (SEQ.ID.No 171 

CAACAACGTTGTTG (SEQ . ID . No . 2 0 ) 

Those of ordinary skill in the art will r^«HO v, 

i-ntify other palindromic Polynucleo "LcVurpIs^^ 

the structural characteristics of the iZ Possess 

polynucleotides of the invention descrirri"""'""^ 

stimulate both humoral and cellularT 

as measured by conventional decrctLrre'L^^'^"^" 

those described in the Examples .IJ^^ ^^" ''"'^^ 

f . inrraj. As xncorporated into 
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m 



naked gene expression vectored 

«.hin .He scop, .^^l lZl'Jtl'"'^ ^^>--c.eo.i.„ 

°' ' irlimnn ii..^ nn rnni i 

anventr-jori — £^ ma 

As used herein, -p&lyhucleocide" :refe^^^^^^ , 
-paras^g^,^,^,^^^.^^^ ^^^^ ^ 

The non-coding, immunostimulatory polvnu , ! 
invention may be double or sinllT of the 

i-.^M^nco.re.o«bi«:n::.::S:™' 
na)ced gene expression veccoS sLT^,'"^"' ^-^^-''^y 
be either non-replicating or engrnee^dC^^"''^^ """^^ 
in the art so as not to replicate Zl JZ ZT '"''^ 
recombinant gene expression vectors of th! • 

i«clud, ,,aing regions for expressL^^^^^Z!'"" "^^^^ 
polypeptides f«"cicai.iy sxgnificant 

20 Screening procedures which relv on n..^i • 

-^e it possible to isolate Z ZlZlllllT 

any organism, provided the appropriate """^ 

available. Oligonucleotide probes which " " 

part Of the sequence encoding the prTte! * 

synthesized chemically. This rejul's tLt" T'^'^" "^^^ 

peptide stretches of amino acid ZZl^ ' 

r>NA sequence encoding the protein 0^!^ 

the genetic code, however. \he :eg:n^.::;\f,,^^^"^^^ 

taken into account. «generacy of the code must be 
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For example, a cDNA library believed to contain a 
polynucleotide of interest can be screened by injecting 
various mRNA derived from cDNAs into oocytes, allowing 
sufficient time for expression of the cDNA gene products to 
occur, and testing for the presence of the desired cDKA 
expression product, for example, by using antibody specific 
for a peptxde encoded by the polynucleotide of interest or by 
using probes for the repeat motifs and a tissue expression 
pattern characteristic of a peptide encoded by thf 
polynucelotide of interest. Alternatively, a cD»A library 
can be screened indirectly for expression of peotides of 
interest having at least one epitope using antiWies 
specific for the peptides. Such antibodies can be either 
polyclonally or monoclonally derived and used to detect 
expression product indicative of the presence of cDNA of 
interest . 

Polynucleotides for use in the invention can also be 
synthesized using techniques and nucleic acid synthesis 
equipment which are well-known in the art. For reference in 
this regard, see Ausubel. et ai.. Current Protocols in 
Afolecuiar Biology, Chs. 2 and 4 (Wiley Interscience. 1S85) 
(genomic DKA, , and. Maniatis, et al.. Molecular Cloning.- \ 

(CDNA,. For ease of construction and use. synthesized 
polynucleotides and cDNAs are generally preferred for use in 
the recombinant gene expression vectors of the invention. 

L!n!''"" r i™»"-"i-"ulatory polynucleotides of the 

invention, the «conU,inant gene expr^^^^^ 

ZT^\TV^ constructed to in^iua"? ^^.Hing^^ioni-x.,. 
example, a mixture of polynucleotides or separately 
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coadministered group of polynucleocides may be of • 
immunizing a host against more than on. .T- ^" 
further stimulate a Host immune respoL/^^^ 
xncluding a gene operatively encoding for an'im 
suppressive cytokine such as TGFfi or a rli 
compatibility protein in the recomCi„! T 
vector) . «combinant gene expression 

The recombinant gene expression vectors of th. • 

.or an Luirs^Lrrt^VprptTLTr °^T"^^^^ — 

-iTeVe-— 

Obtained with the proteinrres^t T °" 

antibody in tumor tissue devellper^n rase °' 
leukemia virus (MuX.V, i„ „i.e r/lZlT """^'"^ 

concurrent administration of rlT/^l, "7^ ' ^'''^ 

vector may also encode an antigen T ceJi ' ^^"^ 

or other polypeptides in comb.n'ion ' 

Up CO 200 polynucleotide sequences unrf-^ 

Single promoter can be expre^:::"^!^^:^^^^ °' ^ 

cosmid. such -cocktail- vectors will Z ^f'^^""^ P^-'"^'^ - 
treating infections by agents of diffe.en, "''"'^'^ 
cause Similar symptoms. Per example ::::e r:e"" 
known species of rhinoviruses whi!h ;ausr "° 
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vaccine could be adminiscered accordinc tn 

invention which is capable of stiZi ^ °' "^^^ 

to ™any different rhiLvLuses ^^L^'"^ '"""""^ "^P— 
for the construction of a vaccine to v ""' ^''""^ 
-in, pooled isolates of envelope genes f""' ^""''^^ °^ 
patients <.hich .enes ... i. .Lel-/™^^^^^^^^^^ 

Si™d~^^^^^^^^^^^ encoding such 

^nown b., Chose of ordinary s.ll.Tlll ll^^ 

eo««H^,^^.^^ , 

The ^e£S2!bliiaMagme^.?q?ress . 

pref erabli,,pias„ads ,or; cosn^Sr^S^ 
stimulatory ..polynucleotides Of .rhiL^^^ 

also include gene (s; which operatlXl!: ^ "^^ 
interest (e.g antio^n« P^^^^^^^lX encode a peptide of 
vectors are -na'^ed. H ^""^^^''^'-^^ ^ ' "ost preferably, .he 

-icie .e.g.. ...^^s; ^ ^'^^^ 

.or c__^ -e ter. 'plas^id- rCrd " Zs^^ " 
aisclosure will t . '^^^ 

with all of the reaul«^«„ associated 

- cne regulatory sequences required fo^ 
of a polypeptide. ■'^'JUired for expression 

Inununostimulatory polynucleotides of th. 
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conjugaced to or used in association with 

coocrol Che .xpr^.ion of th«e polVBeotld., 

ordinary skin 1„ th. art will ba abl, t„ ..7 
polynuclaotlda, and incorporan. It^ Ul "^"^"rr 
.=na a«praa.l„„ „„ora 7. ..a l^:!..":", ' ™r 
praaant charain, „l.ho„t «,dua a,p.ri„.„ation ^IT , 
.urtabla pro»ocara for u.a i„ ^i„a „ .^Ta,.'::.^^" ' 

I'/JZ"'"^ '° " 

ww-Lecu^ax Biology, supra at Ch. i. 

in general, plasmid vectors which may be used in che 

derlved°f -n.rol sequences which are 

derived from specxes compatible with the host cell For 
example. E. coii is typically transformed using pBR322 a 
Plasm.d derived from an eo:ii species (BolivL « ai 
Gone. 2:95. 1977). pBR322 contains genes toJ^L 
<-PH) and tetracycline resistance ^ITVZ.TlZT 
xncludes polynucleotide fragments useful in the' inventL) 
cells HowT'"/^^^ """^ icaentifying transfor^el 

IdmJni.. and Drug 

express P"-"- P-*»ibits use of recombinant 

expression vectors which may confer araoioiin 
the host. The PBR322 plasmid. ol l^r T^Z^TT"''''^ 
must also contain or be -.odified to con Jin ^ 
Other 1 contain promoters and 



- -olvad 1„ ..a ca„arol o. al..a:tal: ™™ ""^ 
-«al.c.o„. Virtually .11 aukaryotic ,a„a La a^ ^- rich 
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region located approximately 25 to 30 h^e^ 

Sice Where transcripcion is inL.LL L .r'"''" 

foun. 70 .o SO bases upscrea. .HTlt sTrTll T"^'^" 

nucleotide. At: the 3 'end of most eukarvotL 

AATAAA sequence which may be the 3!^!^ " ^ 

pel. . taix to Che a.end^o. cL^™:! 

For those veccors for use in recombinant gene exnre. • 

veccors of the invention that include genes wh.T " 

encode polypeptides of interest, preferred o^o ^^^^^^^^^V 

controlling transcription from ^ectlrs T 

cells may be obtained from variL: sIL^^^^f™" 

genomes of viruses such as polyo^ sZH\ '"^^ 

adenovirus, retroviruses. hrparirT^-a C ::3lTm:sV""' ' 

prererably cytomegalovirus, or from h^^ , 

promoters, e.g beta actin « »^eterologous mammalian 

promoters Of the S^40 ! ««ly and later 

-0 restrict-:: f^r^hic" :rs~"^ °t"^^ - - 

origin of replication (Piers, et ai 2T 

The immediate early promoter of .^ ^1' ' 
conveniently obtained as a Hindll^ e ^ ^^^^^^^^^^^^-^ " 
(Greenaway. sc a2 ,7, ««riction fragment 

ec a.i.. Gene. lfl:355-360 19fl->» 
the host cell or relat^H « ^ " ^^^oters from 

or related spec^tes also are useful herein. 

Promoters suitable for use with nroir=^ . 
illustratively include the ^Tj/.^TallT''"' 
systems (Chang, etai., ^cu.e. 27w" ..'""^^ 
en ai., ^,atuxe, 281:544. 1979, IILIIL t 
tryptophan (trp, promoter syst;m ^^e^d / 

S:40S7. .930, and hy^rrrp^^ el"; J^s^^^^^^^ 
promoter (de Boer i*r ^7 » *® 

25. 1983,. H^Ce^er othe; f ^^^^ '<^-^-- 

However, other functional bacterial promoters are 
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, suitable. Their nucleotide sequences ar^ 
the art. thereby enabling a sZlT^oZ/lTl ' '""'^ 
a polynucleotide which encodes the peptide If '° 
CSiebenlist. e. ai . , Ceil, 20:269 LL, 

adapters to supply :;st":::i::M:r " 

In addition to prokaryotes, eukaryotic microhm 
cultures .ay also be used as sou^e con'ro; 
Saccharo^xces cerevisiae, or com^n bakers "astT'r" 
commonly used eukaryotic microorganism in ^y. """^ 
although a number of other straJ! context, 

otner strains are commonly available. 

Suitable promoting sequences for us» us-v, 

J. Biol. JSS.2073 ,.»„, " '»»"=i»n, ec 

kinase, triosephosphate isomerase nh^ u , PJ^^ate 

and glucokinase. Pi^o^Phoglucose isomerase. 

Other yeast promoters, which are inducible r, 

the additional advantage of transcrirL P"™^'^-" '^--S 

growth conditions, are the 2a^l controlled by 

-hydrogenase 2. Isoc^tocLLeT^^rr^r l^"" 

en.y.es associated with nitrogen 'met^^oS™^^^^^ tT^'^' 

glyceraldehyde.3. phosphate dehydrogenase L "'"' ' 

responsible for maltose and gar!::::nt;ii^atr::'"': 

enhancers also are advantageously used 
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Transcription of DNA encoding a polypeptide of interest bv. 
higher eukaryotes is increased by inserting an enhance" 
sequence .nto the vector. Enhancers are cis-act^nrT 
of DNA, usually about from 10-300 bp tha! ^le^^nts 
CO increase its transcription. Lhtce^ are^relc^eeT^^^' 
orientation and position independent havina h 
aai^ins. et ai., Proc . ^a ti . ^"c. . ^^^^ ^TVlT. 
3' (LufiJcy. et al., Mol. Cell Bio t^^t ' ""^ 

.ranscription unit, and within an 'i ^ or '(Ba":!" T\ 
cell. 33:729, 1983) as well as within T ' ' 

icseif cosbome, .ca.., ^oi.ceir^:. ^^:::^,!~ 

enh 3e,uences are now ™ n"e" . "^"^ 

(globxn. elastase, albumin, c-f eto-prote^n anH • ? 
Typically, however, an enhance^- from I t " 
Will be used. Examples inclu"; the SV40 h^"'' "'^^ 
Side Of the replication origin cbp XoT^^oTT' '"^ 
lovirus early promoter enhancer the ll ' 
late Side of the replication o^IgiT and"!:: °" 
enhancers. adenovirus 

Expression vectors that contain =. ^ . 

encodes a polypeptide and aL Lte!::: ToT 

eukaryotic host cells (yeast I "'^^^ ^° introduced into 

human or nucleated'c^ll^r^^^: ^J^^^]"-' 

Will also contain sequences necessar^ f^: "L" " 

transcription which may affect mi^A termination of 

vectors may also contain a selec^l'l""T- 

selectable marker. Examples of siLabir T ° " 

for mammalian cells whil are l^^; Tthe ""'^'^"^ 

dihydrofolate reductase (DKFR) T ''^ 

When such selectable ^.r::^'^:^.^^^^^^^^^^^ or n..^.,,. 

into a mammalian host cell, che tr^sfo^^H 

cell can survive if placed ^n^e^lZllTZZl^^^^^^^^ 
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being conferred with drug resistance or genes altering the 
nutrient requirements of the host cell). 

Those of ordinary skill in the art will be f i < 

retroviruses for use as recombinant exnresfii«„ 

invention. Such artisans wiilt^isb .bex-shiv.™. 

liposomes or colloidal particles -without 'unauarexJ^^. 
...on. Therefore, only a brief summary regarding r^chrxr^l 
and non.vxral vectors will be provided here for reviel 

For those embodiments of the invention which do not rely on 
APC recognition of polynucleotides as antigen . ZlTZ T 

c'rLTd^^^^^"."^^ " -geteT::ii:e;""^^" 

colloidal dispersion systems include macromolecule complexes 

IZlZZ Zi "^^'^^^^^^-^ lipid-based sys^er 

including oil-m-water emulsions, micelles, mixed micelles 
and liposomes. The preferred colloidal system of this 
invention is a liposome. 

Liposomes are artificial membrane vesicles which are useful 

as delivery vehicles in vitro and in vivo it k u 

that large unilamellar vesicles (Lcrv) ^ich ' n 

from 0.2-4.0 ^ can encapsulate a Z;tantiai " 

an a ,,,,,, ^^^^ ^ 

and intact virions can be encapsulated within the a<^ous 

ToT7 r "'^^ ^'^ ^ Mologicalira«L 

form (Fraley. etal.. Trends Biochem. Sei. 6.77 Jo,, * 

addition to mammalian cells, liposomes hav; been'usllior 

« llT"x:^rd"T"''^"^^ ----- 

ells. in order for a liposome to be an efficient gene 
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transfer vehicle. Che following characteristics should be 
present: (1) encapsulation of the geiies^encoding i:he B 
JSEi^^?«APgl)KHcleotj^,,at,h^^ f 
<=«??PJ^5ijjg^Eheirrf>iolog,ic^^^^ ,2, p^f^rential and"* 

substantial binding to a target cell in comparison to non- 
target cells; (3) delivery of the aqueous contents of the 
vesicle to the target cell cytoplasm at high efficiency; and 
4, accurate and effective expression of genetic^nfor^ation. 
(Mannino. et al . , Biocechnigues. 6:682. 1988). 

The composition of the liposome is usually a combination of 
phospholipids, particularly high-phase-transition-temperature 
phospholipids, usually in combination with steroids 
especially cholesterol. Other phospholipids or other lioids 
^ay also be used. The physical characteristics of liposomes 
depend on pH. ionic strength, and the presence of divalent 
cations. 

Examples of lipids useful in liposome production include 
phosphatidyl compounds, such as phosphatidylglycerol 
phosphatidylcholine, phosphatidylserine . phosphatidyietha- 
nolamxne. sphingolipids. cerebrosides. and gangliosides. 
Particularly useful are diacylphosphatidylglycerols, where 
the Ixpid moiety contains from 14-18 carbon atoms 
particularly from 16-18 carbon atoms, and is saturated. 
Illustrative phospholipids include egg phosphatidylcholine 
dipalmitoylphosphatidylcholine and distearoylphos- 
phatidylcholine. 

The targeting of liposomes can be classified based on 
anatomical and mechanistic factors. Anatomical 
classification is based on the level of selectivity for 
example, organ-specific, cell -specif ic, and organelie- 
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specific. Mechaniscic targeting can Hi ■ 

upon Whether ic is passive or act'e ^'ased 

utilizes Che natural tendency of liposo! ' ^^^^^^^ng 

cells Of the reticulo-enaothlziaVs™: " ^° 

wh.ch contain sinusoidal capillaries L,>e t" 

the other hand, involves alteration of the , °" 

coupling the liposo-ne to a specific TL ! 

-noclonal antibody, sugar. glycoUpid ^ 

changing the composition or sire of the T °" 

achieve targeting to organs and cell tl 

naturally occurring sites of locali.a'I!:' """^ 

The surface of the targeted deliv<.r^ 

<i=li„.^ .y«... lipid groups c„ b! , "rget.d 

lipid .u.,„ ::t""' 

bU.y.r. v«.lo„ li„ki„5 group, c, b. " '»P°»<»»1 
lipid ch.l„3 e= ch. HZ.^ 

an RNA virus such as a retrovirus Z ' J"^' ^"^^^^1^- 

retroviral vector is a derivative of I 1"^'^' '""^ 

retrovirus. Hxan^les of retroviral vectors"! 

foreign gene can be inserted include w " ""^'^ 

Moloney ™.i„e leukemia virus i.tZv^ L^l '""''^^'^ 
vxrus (HaMuSV), murine mammary tumir !' ^ """"" """"^ 

sarcoma virus chsv, . . ^^^T of Tddl .^L'""^^ ' ^'"^ 
vectors can incorporate multiple genes 
can transfer or incorporate a genH^r'. . 

that transduced cells can be ilertifle/ "'""^^^^ - 

laentified and generated. 
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By inserting one or more sequences of interest: inro ■ 
vector, along with another gene which en^^l^",^!,;:™ 
a receptor on a specific target cell fo^ 7 

is now target specific. RecLi::";^::,:^^:: 

target specific by inserting, for exlm!!! , "'^''^ 

encoding a sugar, a .lVcoli::.:^T:Lti:.~::r" 
targeting is accomplished by using an ant,K^ Preferred 

retroviral vector. Those of skiU Z T '° '^^^ 

or can re-diix. = se or sJcill m the art will know of, 

s^ec^fic "fi -i«=«^out undue experimentation. 

tr:et~L-^^^^ -rted int 

t.e r _ containing\rp:i-ll\-L^^^^^ 

aeliv-ofVr^X™^^^^^ 

antisense^herapyrran antisense:voligohucr^^^^ 
replacement We W also ^^^^^^^ 

si„.antisen3e .l.,onucleotid:"L^^^ 
.:S5rS.et ,gene cohtaihihg a polymorphism. ^"'^ ^^^V ^ «r 

Since recombinant retroviruses are defective th»« 
as3i . infectious rr^or par™ 

This assistance can be provided, for examnl. k 
cell lines that contain plasmids encoILTaU of '^'"^^ 
structural genes of the retrovirus unde^^K 
regulatory sequences within the"™ f""''^^' °" 

".issing a nucleotide sequence t^afenabl J ^'""^ 
mechanism to recognise a^n t^a;sc:ip "^^''T"^ 

Helper cell Unes that have deletions of .h ^""P^^*^""- 
include, but are not limited to ^^3X7 TT^'''^ ^^^^^ 
e.a„.le. These cell l..es Produce ;mp:j",:rlrif'^ 
genome is packaged. if a retroviral vector "° ' 

into such helper cells in which ZlZ^: ^'^^-^""^ 
intact, but the structural genes are^! :;^::Lrgenes 
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of interest, the vector can be oacka^*.^ 

be produced. Packaged and vector virion can 

It will be appreciated that the sam^ ^o^u • 

o£ the invntion into vi„l gen. ^ POlynucl.ocld.s 

used to incorporate the se J^", IT"""" »' 
live vir„„, ,or „ .,0^"^ T,"^ "t.nu.ted 

v,c=i„.s c,„ h. ejected to Zl ^T^.TT'"" 
P-perties th«. ^„id ,o™d in^h:":rr~t::iT 
Construction of suitable veeto-ro 

cechnigues. isolated plas.ids or DNA L^Ien. 

tailored, and relegated in the for! desLeTt 

Plasmids required. desxred to construct the 

prL:::r::;s:::o::::'':h: ht"- — ^ 
tr„,.or„ , ^T::ti r: ™„~:oZ.r -r - 

by .ntihiotlc re.i.ta.ce .here .ppropr"« T" ! 
the cransforments .r= prepared, ^"vl^l"' ' 
and/or ...^eneed by. (or IJ^L^ ^ «"riction 

'»»=i.ic>,o.dr«e,!. "3T, i,e:,""r°' " 
" ai., method. ^.yJoJ.-,lZl- «' • 

"itabl. ^thod. Which Win be ^ I th" . 
•rt. Sir. separation of cleaved £rao™„! in the 

conventional ^el ei.ctrophoresi, asl:::"^': T'""^ 
byManiatis. atai.. r™.r CiohC'r^.^Lrrr::; . 

r::::tr- ::d™™.:::,:r ™ - 

.s i. appropriate ,or induc^Trpt "a^™^.. 
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transformants or amplifying genes. The culture conditions 
such as temperature. pH and the like are tho« 
used with the host cell selected f2' Previously 
apparent to the ordinaril;^\"lr:,:r;::-^-• 

For purposes of monitoring expression ^« 
expression vectors may be moZf.ed t^'incC"^' '^"^ 
operatively encode known reporter pol ' ' f "'^'"^ 
the pRSV lac-2 DNA vector dLcr^Lr ! "'^'"P^^' 

Celi. Biol., i-zai (ijr, " 

-..^-L., i.^oi, 11985), may produce a ^^ai,-^ 

protein expression. Lucif erase InTaKi ^^^'^^^^^^-^^^^ -ith 
transferase .C... ^. e . g . r^ril^^Tl^^^^^ 
construction of a pRSV-CAT plasmid, may also .e^' " 
convenient plasmid propogation may be obtained i^l coii 

e.g.. .oiecular Cloning.- . ^« tor>. «a.uai ? . , 

Two particularly preferred plasmid vectors for modl^^ ■ 
and use according to the invention are Ihe IZv .2 
virus, and pCMV (cytomegalovirus, promot': v^Lrs of\T"" 
promoters CMV is preferred for PolynucleotiLs .^be 
introduced into tissue other than muscle This cref! 
based on observations that higher levels P"f««n« is 

achieved in . levels of expression are 

xn this context when the CMV promoter is employed. 

California. For cloning of polynucleotide^ 

suitable Plasmid for productLn^f L "h: IT.lT:''"' 

vector described by Kreig. ec ai.. I^L" IcLsT "'"^ 
™-.o.o, c»S.,. CO.. contain:;: aTSi^raX 
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codon can be introduced into this plasmid and mRNA prepared 
from the expressed DHA templates using conventional 
techniques. 

Also particularly useful vector constructs for use according 
to the xnvention are those which contain a promoter that can 
be switched -on- or -off after the vector has been 
administered to a patient such as the ligand-inducible 
nuclear receptor promoters. Recombinant gene expression 
vectors containing such promoters are of particular use in 
vaccination protocols wherein the vector is introducted into 
the skin or mucosa, where expression can be controlled by 
applying the inducing ligand for absorption into the site at 
which the vector has been introduced. 

Nuclear receptors represent a family of transcriptional 
enhancer factors that act by binding to specific DMA 
sequences found in target promoters known as response 
elements. Specific members of the nuclear receptor family 
include the primary intracellular targets for small lipid- 
soluble ligands, such as vitamin D, and retinoids, as well as 
steroid and thyroid hormones ("activating ligands -J . 

Nuclear receptors activated by specific activating ligands 
are well suited for use as promoters in eukaryotic exoression 
vectors since expression of genes can be regulated simply by 
controlling the concentration of ligand available to the 
receptor. For example, glucocorticoid-inducible promoters 
such as that of the long terminal repeat of the mouse mammary 
tumor virus (MMTV, have been widely used in this regard 
because the glucocorticoid response elements are expressed in 
a wide variety of cell types. One expression system which 
exploits glucocorticoid response elements responsive to a 
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Wide variety of steroid hormones (e.g., dexa«e thasone and 
progesterone) is a pGREtk plasmid (containing one or more rat 
tyrosine a^tino transferase glucocorticoid response elements 
upstream of the herpes simplex virus thymidine kinase (tk) 
promoter in pBLCATB., . transfected in HeLa cells (see. Mader 
and White. Proc. Natl .Acad. Sci aSA. 90:5603-5607 1993 
{pGRE2tk]; and. Klein-Hitpass. etal., Ceii. 46 ilOSa-XOSl. 
1986 [pBLCAXa*]; the disclosures of which are incorporate; 
herexn by this reference to illustrate knowledce in the art 
concerning construction of suitable promoters derived from 
nuclear receptor response elements f-NRRE promoters-]) "-he 
PGREtk promoter (see, map at FIGURE 8) is particularly" 
effective in stimulating controlled overexpression of cloned 
genes xn eukaryotic cells (Mader and White, supra at 5607). 

Another particularly suitable NRRE promoter for use in the 
invention is one which is inducible by the vitamin D, 
compound 1. 25-dlhydroxyvitami„ D, and non- hypercalcemic 
analogs thereof (collectively, -vitamin D, activating 
l^gands-) . NRRE promoters inducible by vitamin D3 activating 
ligands contain the vitamin V, receptor (VDR, response 
elements PurG(G/T)TCA which recognizes direct repeats 

IIZT'" '''' ' -1-ents are 

found upstream of human osteocalcin and mouse osteopontin 

ITl^L "rr'^''°" "^""^ activated on binding 

of Che VDR (see. e.g.. Morrison and Eisman. j.Bone 
Mzner.Rss.. 6:893-899. 1991; and, Ferrara. et al 
^^Bioi.Che... 269:2971-2981, 1994. the disclosure^ of which 

knowlT^""^ '""'^ illustrate 

knowledge in the art of vitamin D, responsive inducible 

rZ^""' ■ e-Pe-i-encal results from testing of a 

recombinant expression vector containing the mouse 
osteopontin VDR upstream of a truncated herpes simplex virus 
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thymidine kinase (tk) promoter suggested that 9-cis-retinoic 
acxd can augment the response of VDR to 1. 2S-hydroxyvitamin 
I>3 (see, Carlberg. etai., ..acure, 36X:«7-660 

Ferrara et al. also described vita.in 0, inducible promoters 
.n recombxnant expression vectors constructed using multiple 
copxes Of a strong VDR; in particular, the mouse oLeopont^n 
V.R (composed of a direct repeat of PurCTTC motifs se^d 
by 3 base pairs) . This VDR conforms to the PurGG/TTCA 
consensus motifs which have previously been shown to be 
responsive not only to vitamin D,. but also to thyroid 
hormone and/or retinoic acid. As many as three cooies of -he 

ZTLZl T'"^' ^-^'^^-^V upstreamt 

the herpes simplex virus tk promoter (see. e.g.. FIGURE 8 

(map Of pVDREtk] , . Transfection of the resulting VDREtk 

vector into COS cells (producing a -VDR expression system", 

proved to be particularly useful in that COS cells contIL 

the nuclear retinoid X receptor (RXR, that has been shown to 

elem^L" ^ '^""'^ ''^ ^« 

The VDR expression system (and functionally equivalent 

osteocalcin gene promoter) is uniquely suited for use in the 
IZZT «-P-ssion Of a polynucleotide 

administered to a mammal according to the invention by 
epidermal or dermal routes (particularly the former) i„ a 
TolTAl ad expression system can be switched on by 

topical administration of a 1. 25-dihydroxyvitamin D, 

vitamrrn" " """^ °' ""'^ '^'^ °" Withdrawing the 

Vitamin D, preparation and/or modulated by aoolyino or 

' °' "^'"^'^'^ - "^-«> point: Of 

entry). Conveniently. 1. 25-dihydroxyvitamin D, and 
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nonhypercalcemic analogs thereof have been approved for use 
m topical preparations by the United States Food and Drua 
Administration for the treatment of psoriasis and are 
commercially available. 



are 



in vavo tests of the NRRE promoters indicate that they 
inducible on systemic exposure to their corresponding 
response elements. Given the expected retention of 
polynucleotides administered dermally or epidermally at the 
poxnt Of entry (thus making them available for exposure to 
topically absorbed response elements) . it can be reasonably 

HITT °" expression of such 

polynucleotides will also permit their in vivo control 
through topical administration of appropriate NRRE promote^ 
activating ligands (e.g.. 1, 2S-dihydroxyvitamin D, 
transcriptional activators with a VDR expression Sector for 
expression of the polynucleotide of interest) . 

Thus, use Of an NRRE promoter recombinant gene expression 
vector for administration and expression of coding and 
immunostimulatory non-coding polynucleotides according to the 
invention permits control of expression to. for exampL. 
switch on expression when dosing is needed or switch off 
expression in the event of an adverse reaction to the 
expressed protein or peptide. 

compositions of recombinant gene expression vectors may be 
Placed into a charmaceutically acceptable suspension 
solution or emulsion. Suitable mediums include saline and 
may. for indications which do not rely on antil 

texy on antigen presenting 
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cells for delivery of the polynucleotides into target .i 
liposomal preparations. However as di= ! ^ tissue, 
wich respect to the .ethod of li^. J!^^^^^^^^ 

cha.t,.the.reco^iHan,.,e..- expressio:^^^^^^^^ It --"^erre,,.. 
. '^£.^^3^9ated.to.^.liposome or. u^f^'^^^f^^ 
material which n«y impede recognition o- tl 
foreign by the host immune sy^^Tm " 

More specifically, pharmaceutical ly accene«m. 
preferred for use with the naJced gene e«reT """" 
the invention may include sz.ril. l2. I °' 
soluti«r,o s«^erij.e aqueous of non-aqueous 

solutions, suspensions, and emulsions Examz,i». T 
aqueous solvents are propylene olvc!! ' ^^^^^^ °^ 
vegetable oils such as 0^1: ^!^::^/°'^*^^*"^ 
esters such as ethyl oleate. "^e^s "^^"^"^ ^'^^-^^ 
alcoholic/ aqueous solutions, e^slons "T"' '"'^'""^ 
including saline and bufferei medxa Lre„. 
include sodium chloride solution Hingl^rr ""^"^"^ 
and sodium chloride, lactated ^^J^V^^^ ^^^^^^^ 
Intravenous vehicles include fluid and n,./ 
electrolyte replenishers (such Is those r^T' 
<iextrose,. and the li.e. Prese'at^::: ^TLT 'T'" 
""ay also be present such as. for exaZi. a^^^itives 
antioxidants, chelating age;ts ald S:: 
--ther. a composition of recombnlt ^""^ 
-y be lyophilized using meansteTLor-'^^r" " 
-sequent reconstitution and ^s^i::::^-:::-;^,^^^ 

-e Of absorption Pron.oters.^deter^n:s "T^ 
or mechanical irritation means is Lso ;ref f 
transmission of reco^inant gene ^"^^ 
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composicions through the point of entry. For reference 
concerning general principles regarding promoters and 
detergents Which have been used with success in mucosal 
delivery of organic and peptide-based drugs chi.n m , 

Dru, delivery Systems, Ch, 4 (Marcel De)c3c«' f^T J \ ' 

rr-;-— ^^^^^^^^ 

Fu..her. toown means and principles of transdermal drug 
delivery are also discussed in Chien, at Ch T 

Suitable agents for use in the method ZTT^L 
.ucosal/nasal delivery are also desIlLd L cLT^rar^ 
^asai nru, Oelivex., "Treatise on Controlled OruT^el" e^^: 
Ch. s and Table 3-4B thereof. (Marcel Dekker. I Su!;lb;e 
agents which are knovm to enhance absor«r,„ * ! Suitable 
Skin are described in Sloan. I^^TTJ^IT 

Delivery. (Marcel Oe..er. x.S.) . and at places elsewhere in 
It is expected that these techniques (and others which are 

adaT:::^''' '^^^'^^^"^ "-^^ ^^^^-^> -TL ■ 

for le 11 °' ^^^""^--"^ expression vector 

Skin L L °' '"^^ :^nvention by those of ordinar^ 

Skill in the art without undue experimentation, m 
particular, although the approaches discussed in the 
preceding paragraphs have not. to the inv ! 
.ee p^iously used for PolyiucLIt" e":; TT^' 

T.lt7.lT\r' r ^"^^^^^ - -r 

reason, the references identified above, while not 
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essential to the inventive compositions ^ 
incorporated herein by this refereLe 

Vector, Tr„,,^ y4^- a Gnnf> mrp r^nnf ^ j u 

A. Definirionff 

The following definitions will be of uc. • . 

method of the invention. understanding the 

according Co th. l.v„ci=„T .SrL aT"'"""" 

- r-"^"-'"' ----- 

APC s which are known to be nrea-nr u- ^ 
epithelia and thymus dependelt a^L^ "f^he T^T^ 
tissues, including epidermis and t^e sLlll 
epithelia of the buccal mucosa, vagxna 
esophagus (areas with -relativ^ly hlTh: " 

APC's,. in addition to t^IIr .ef! 
below, therefore. «skin» anrrrcotra^^^^^^r 

LT:^t:rh^"^' " ^^^^^ - co^e~T:f 

cells whose primary purpose is antigen presentation- 
i--e., bone marrow derived cells. ^icacion. 
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^- " Pegg?rqent;f;>^Al?SQrprion Promor^^. - refers to chemical 
agents which are presently known in the art to 
facilitate absorption and transfection of certain small 
molecules, as well as peptides. 

c. -IfintoEhatSSiS" refers to a known means of transde^l 
transmission presently used to deliver peptides 
continuously to a host. More specifically, it is a 
process that facilitates the transport of ionic soecies 
by the application of a physiologically acceptabi; 
electrical current. This process and other transdermal 
transmission means are described in Chien. et al 
Transdermal Drugr Delivery. -Novel Drug Delivery 
Systems-. Ch. 7. part C. (Marcel Dekker. 1992) the 
relevant disclosures of which are incorporated herein by 
this reference for the purpose of illustrating the state 
of knowledge in the art concerning techniques for drug 
delivery. 

d. -Hszat- refers to the recipient of the therapy to be 
practiced according to the invention. The host may 
be any vertebrate, but will preferably be a mammal. 
If a mammal, the host will preferably be a human 
but may also be a domestic livestock or pet animal. 

e- -laiaeLiiaflUfi- refers to the tissue of the host in 
which expression of the polynucleotide is sought. 

f . -S^" as used herein refers to the epidermal, dermal 
and subcutaneous tissues of a host. 

g. -mc^' refers to mucosal tissues of a host wherever 
they may be located in the body including, but not 
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p..s.a.s (including v.«„.i „„,, 'f""*'"' ■ SenlE.l 

u.in.^ pa„.,„ ,w ":;jr^ .r "ir°":- 

eyes and vocal cords. -laoder) . the mouth. 

"£aiE£_s£_En££i:" refers to the sit« - 

the polyx^ucleotide into a ho« °' 

adjacent tissue. including immediately 

"Bfianal- and ■■gpi<aermM ^dmi nl^^xa^igQ.. „,ean route. . 
administration which apply the noT^T^, °^ 
through Skin. Dermal rLtes LcLT" '''''' '° °' 

subcutaneous injections as relTa'^^::™ 

transmission. Epidermal routes incl„H 

irritati«r, *.>,^ ^ "uces include any means of 

irritating the cutearmost layers of «n 

p»v,.= .n i«^, „3p,„., rrL"i2 jr'tr"" " 

" a?At;hen>l Mn,^nA.srrar ln n .> involves essentially th. 
same method as chemical ^n,v»«^ . ^^^entially the 
i-rtemacai epiderroal administrat- -i 

^ r.£.„ to int.rl.u»i„ „d ziaj; „ 

interferon. 

JU^l Rftsnonsefcy) *» refers to arRnm^^.^H''- 
that is induced pref erentllliPbr ^. 

and activate certain J^^e ""^T '^^^ " 

dendritic cells. ' and 
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M^thO^g for introdMr->-ion »f p ai,^^ „^^ ^ 

gene ^;tpreff«^ipn vprror'. nn rh^ ^^ ^^^ 
response.. 



The mechod of che invention will be described with respect to 

the preterred embodiment for use of the nate^ 

v^r-i-r^r-^ «f • naked gene expression 

vectors of the znventxon. It will be understood, however, 
that ..other:.r.ecbmbinant-exp^^^^^ 

through-Similar: routes, although use of viral expression ' 
vectors is not desirable and use of non-naked expression 
vectors (i.e., with a delivery vehicle) can be expected to 
significantly reduce the immunostimulatory activity of the 
immunostimulatory polynucleotides of the invention. 

Although the method of the invention is not to be limited by 
any particular theory regarding the mechanism by which the 
host immune response is stimulated to provide the host with 
protection against antigen, the preferred method of the 
invention (for introduction of antigen -encoding naked gene 
expression vectors into APCs) is designed to' selectively and 
efficiently boost production of THl (heloer t cell) 
lymphocytes for release of 11,-12 and to ;ugment CTL activity. 
In this embodiment, the THl component of the T lymphocyte 
immune response is generally stimulated in preference to the 
antigenic stimulation of TH2 lymphocytes, which mediate 
production of igE antibody. 

More specifically, over the last few years it has been shown 
that CD4* cells generally fall into one of two distinct 
subsets, the THl and TH2 cells. THl cells principally 
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secrete rL-2. iFNy, iFN-a, iL-12 and TNFB (the l.r. 

Which .eaiace ^ac.opha.e activation and L a' Zc^^e" " 

hypersensitivity) while TH2 cells nrinel„.ii 

and IL-IO. These CD4+ subsets exert « ^ 

one another; i.e., secretion of JT'" -"uence on 

secretion of XH3 ly.pho.ine: ald^ c ^Sr^^t^"^ 
is believed that exposure of m2 cells to JxLs also 
suppresses TH2 cell activity. ° 

How the helper T cell subsets are different,!, 

no. completely clear. .actors beliet"™^ " 

activation resemble those induced by viral infeL^^ . 

include intracellular pathogens exlolu ^"'^ 

IT. -9 '-nogens, exposure to IFKy. IFN-a and 

antigen. Factors believed to favor T», 

•xposure to II,-, and 11,-1., APC I^^iX o^th " 
ly»Phooyc.. and hlg. dose, of LT^TrHVllf " 

enhance oellular i™unit. and are Lrefo". r^oilar 
value r„ respo^iing to intracellular infection. , 
TH= cells enhance antibod. Production ^^ a'::":.,:;;!":''" 
v^ue .n responding to ctracellular infections C^r TH. 
o'Vl lT" -'O*-""" through the ^ele^ 

co^llxes '""""on of XgE-.„tige„ 

In mice, igG 2A antibodies are seroloaio^i 

ryrr^^ i seroxogical markers for a Twi 

type inmiune response, whereas IgG i antibod^o. I 

of a TH3 antxbodies are indicative 

a 1H2 type immune response. th2 
an "ac. irt-i responses include tH#* 

allergy-associated IgE antibody class; soluble proteL 
antigens tend to stimulate relativelv ^ P^o^ein 

In contrast t»i e-^atively strong th2 responses. 

contrast. THl responses are induced bv ant<«»„ v,- 

macrophages and dendritic cells As shoL T 

AS Shown xn the data 
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presented in Examples VI and VII. mice injected incradermally 
with antigen-encoding polynucleotides preferentially produced 
IgG 2A antibodies indicative of THl responses, which in turn 
are indicative of the antigen being expressed intracellularly 
m, then presented by, APCs. In contrast, mice injected 
mtradermally with antigen preferentially produced IgG l 
antibodies indicative of a predominant TH2 cell response. 

Thus, adminiscration of naked gene expression vectors which 
encode antigens (or known immunostimulatory fragments of 
antigens) according to the invention not only suppresses igE 
antibody production, but also does so from the outset of 
therapy, thus avoiding the risk of anaphylaxis posed by 
conventional immunotherapy protocols. Specifically 
administration of antigen-encoding naked gene expression 
vectors (particularly through dermal and epidermal routes) 
selectively stimulates the production of CD4* THl and CDS* 
lymphocytes over CD4* TH2 lymphocytes, stimulates XL-12 and 
INF-a production, and stimulates INFy secretion (which 
suppresses IgE antibody activity) . 

As reflected in the data presented in Example VI, inferadeinnal, 
challenge with a protein antigen "(6 gaiaccosidase) 
selectively induces TH2 responses;:in mice,:which,c: consistent 
wxth conventional immunotherapy responses rris; gradually 
replaced by a THl response in antigen desensitized micex 
However, as demonstrated in Example VII, igE antibody levels 
produced in the protein injected mice are substantially 
greater during the initial phase of treatment than are 
produced at any stage of treatment of mice injected with a 
naked gene expression vector (pCMV-LacZ) that :.operatively 
encodes the same antigen-and includes an immunostimulatory 
polynucleotide of the invention (SEQ. iD.No.l) . 
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Further, in mice challenged with an intradermal dose of the 
Plasm.d the cell responses greatly exceeded those of L 

cells. Even more surprisingly, igE and lL-4 levels in the 
pCMV-.acZ Challenged mice are very low. while antigen 
stimulated CTL levels and THx cell secretion of interferons 
are enhanced as compared to protein challenged and control 
m.ce Moreover, the protection against IgE productio" 
afforded to the pCMV-i.ac2 challenged mice continues dLite 
subsequent challenge with the plasmid or nrot.in ''^^P"* 
combined with adjuvant (ExamplL XV v and "x, 

Mg'^hOdP for ^PCrorji^rrion of rho n ^u,^ 

antj dosing Prot-nnryl^ 

used^asl/"' expression vectors of the invention may be 
used as adjuvants in conventional vaccination protocols or 
may be used in gene Immunization protocols; i.e.. IZtl 
target antigen is a protein antigen encoded by a nlked gene 
expression vector (which may also be the vectL thatlontaLs 
the non-coding, immunostimulatory polynucleotides of the 
xnvention, . The latter approach is preferred and will be 
discussed in detail below with respect to dosing a^d 
administration protocols, isolated, non-recombinant antigen 
rechnr^rr^"^^^^*^ ^° — lonal vaccinatiln 

Many infectious antigens enter the body through the skin or 

™ antigensto": L of 

use. Fo. this reason, as well as the relatively high 
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concentration of APCs present in the mammalian skin and 
mucosa these tissues are the preferred target tissues of the 

invention. " 



For dermal routes of administration, the means of 
introduction may be by epidermal administration, subcutaneous 
or intradermal injection, of these means, epidermal 
administration is preferred for the 

APCS expected to be in intradelal .Lsue ^^^^^'^--^^ ^ 

The „eans of introduction for dermal routes of administration 
whxch are most preferred, however, are those which are iLsT 
.nvas.ve. Preferred among these means are transderlal 
transmission and epidermal administration. 

For transdermal transmission, iontophoresis is a suitable 
Tc^t- ,7^°^^-^^^ transmission maybe accomplished Ling 
cZ" "P"-»^-" Which deliver their product 

continuously through unbroken skin for periods of sevLal 
^ys or more. Use of this method allows for controlled 
transmission of pharmaceutical compositions in relatively 
gxeat concentrations, permits infusion of combination drugs 
and allows for contemporaneous use of an absorption promoter. 

Sr4»oT""^ "^^i- -ethod is the 

""os °^ -neral Medical Company 

rLe'ot^'ri".' electronically maintaLs 

lllTZ l ''"""•'^^ " PH can be adapted to 

provide dosages of differing concentrations, to dose 
continuously and/or to dose periodically. Preparation and use 
of the patch should be performed according to the 
n-anufacturer's printed instructions which accompany the 



wo 97/28259 

PCT/IJS97A>12T7 

-44- 

^ECTRO PATCH produce; Chose inscructions are incorporated 
herein by this reference. ■■T'orated 

Epidermal administration essentiallv 

Chemically irritating the oute::o3?ia:r: :rt::t"d""' 
sufficiently to provo.ce an i™„une respite to tL ! 
specifically, the irritation should bHufficient . 
APC-s CO the site of irritation ''^^""^"ent to attract 

........ ^.t:z\.t. TzrjiiTiT- " 

administered naked polynucleotide. 

An exemplary mechanical irritant means employs a multiplicity 
Of very narrow diameter, short tynes which can be used to 
.rrxtate the skin and attract APC's to the site of 
irritation, to take up naked polynucleotides transferred from 

t^er oil 

tuberculin test manufactured by Pastuer Merieu. of i.yon 
France contains a device suitable for introduction oHlked 

CvL!T""°" °' invention. Another suitable 

device for use in Che invention is a tyne device manufactured 
for use .n allergy testing by l.i„coln Diagnostics of Decatur 
IL. (and sold under the trademark MDLTITEST«) . 

a"yrin^:"i '"^'"''^ ""^'^^ ^ "--^n- having 

a syringe plunger at one end and a tyne disk at the other 

TZeTZ ^"""^''^^ ^ -Itiplicity of narrow diLt': 

oreoider^al "^^r "'^'^'^ — :^ayer 

coated wiT " ^"""^ invention, each needle L 

coated with a pharmaceutical con^osition of naked gene 
expression vectors by immersing the tips of th^ rJ, 
a^eous solution of the polynucleotides LlVjZir: ^ 
the tyne device may then be frozen so that the " ^""""' 
polynucieotides become dried onto the tines and can be 
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ad^iniscered without having to prepare che device for use 
the time of treatment. ® 



at 



Use of the device is according to th*. n,. * 
inscruccions included wi.K e J d^L p™^":.: 
xnscruccion. regarding use and ad^inisLcron are 
xncorporated herein by this reference to illustrate 
conventional use of the device (see al.! "^""f"^ 

lasa aigo. Example Vli) . 

Another suitable approach to epidermal • 
naked polynucleotides is by us! of Tche " °' 

.he outermost cells of the epiLlis t^ T"" ""'"'^^ 

sufficient immune response to' att^ac" Ipc^™"' ^ 
example is a keratinolytic agent such 1 ' 
used in the commerciairy avall^^^e tlicll d T'^'"'' 
sold by Noxema Corporation under the ^rrf <^ePxlatory creme 
approach may also be used to aLieve ^itLT'l"'" '^'^ 
administration in the mucosa The ch!! , 

co.,„„.o„ .... ZZlim^lTlT" 

for .x«,,pl.. ij MOBO-VHCC tv=. T 

.... ... ^ -e.. 

expression vector may be suspended in » • 
contains the chemical irrltaL or coad^- 

Examole vxir, coadminxstered therewith 



For mucosal administration, the mea„= • 

vry ...o^,^ .o Che lo=. i» ° ."'T"'"" 

""""" ~~ 

preferred. These means include Inhalation 

suspensions or insufflation of the nakeTae!! 

vectors of the invention. SupposL^rr^s !T 

-ons .ill also be suitable Zl ril^^ ™- 
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mucosa, such as genital and ocular sites. Also of particular 
interest with respect to vaginal delivery of naked gene 

IZITIT ^^^^"^^ sandwich-type 

rxngs and pessar.es. Examples of these devices and their 
are described in Chien. supra at Ch.9. 

The dosage of each naked gene expression vector to be 
supplied according to the method of the invention will vary 
depending on the desired response by the host and the 

llTZT^^'T °^'^"-^^>'' «-Pected that up to 

100-200 of polynucleotide can be administered in a single 

tZll\ TT ''"'^ ^""""^ °" POlynucleorSe 
administered t.hrough skin or mucosa can induce long lasting 

immune responses. *»sting 

IZ n^r" °' i-ention. however, it is sufficient that 

the naked gene expression vectors be supplied at a dosage 
sufficient to cause expression of the antigenic polypeptide 

™e:r tT ^^^^ ^e™ Ld 

to achieve therapeutic, subtherapeutic or immunostimulatory 
ZZll to confirm the presence and 

quantity of expressed peptides are well-known to those 
Skilled in the art and will not. therefore, be described in 

oro^il'. hT"" illustrated in the Examples 

provided below; generally, they include immunoassays (such as 
enzyme-linked immunosorbent assays) . pcr techniques, and 
xmmunohistological analyses performed according to technioues 
Which are well known in the art. Dosages of the administered 
polynucleotides can be adjusted to achieve the desired level 
Of expression based on information provided by these 
detection and quantification means as well as in vivo 
Clinical signs known to practitioners skilled in the clinical 
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^rrrr'n expression veccors of the invention 
will be administered in in "low" doses f- « • 

ordinary skill i„ the .rc will re.dll„ fc. .k,. , T 

an .^i..i». .„a.. i,..i ^Lrr"' 

crdinanr skill in tha arc will ba £a«ili.r with -K 

Will be suLrMeT " ce dosing,, which course 

Generally it ca T " ''^ ^'^^ invention, 

generally, it can be expected that doses of ^v. 

SO.. i™sti.ulatory Polynucleotide, and eier^esTtht"' 
about I0.g. Will be suitable for priming, booster and 
maintenance doses in humans. Alternativelx, ^! 

an.i,a„._,,„, - ^^^^^ 

and/or maintenance doses of antigen. ^^ooster 

Examples illustrating aspects of each embodiment of the 
invention are, provided below. They should be regarded as 

de rn^I^Hh"''^^ T'^ ''"'^'"^ invention/wSct i 
defined by the appended claims. Conventional abbreviations 

BL^pIes" — — -ed throughout the 



EXPRESSION OF A VTP>T. ^nf .rr"— TT7 

lltZToTT ""^"^'^^^ -^^-<^ ^ene expression 

vectors of the invention for expression ^« -w ^ 

sane for innuanr. rU»„„cl.„pS"rr«P, waT IT'' 

a P=»v pla.,id. ^ ,=„as fro^ nu^a^oric^rinHf i^.l 

.ra known in cha arc and ar. .i,.i, consa^d^™:.-" 
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aa.ong various strains (sse. e.g. Gorman, ec ai j- vir-r,y 
£5:3704. 199X). eca.t., J. Kirol, 

■ Four eight week old Balb/c mice were iniectert 

wiCh 15.g Of pCMV.H^p suspended i„ XOO^ of HBsI" 
Injections were made incradermally at th^ k, / ^ 

at two week interval.. CTLs recognize antiaer ' '^''^ 

Class r Mwn i . *^ognize antigens presented by 

i™.uni.ation means of ^^t^.or:~^,^-- 
effective method to introduce antigen into class rZl ^ 
molecules and thus stimulate CTL responses i„ th< . 
intradermal <i.d., injection of a pla^:^ ^ontrinin" tl " 

:pirf^"c;^:iT:°^r:"" ^'^"^^^ ^^'^^ induce:t!tr:p. 

a!!rKf^ ""^ °^ anti-NP antibodies. These 

antibodxes reached a maximum 6 weeks after iniection ! 
persisted unchanged for at least 28 weeks in !L k 
local inflammation. ' '^^^ ^sence of 

Plasmid DNA was purified by CsCl banding in the 
ethidium bromide and was stored frozen Inlol I T 
- HOT.. pH a.c. Before injection. tL :ias„^ L""""' 
precxp..a,ed in ethanol and dissolved in normal saline 
containing 0.1 mM EDTA. saiine 

The presence of anti-NP igG in serum was measured by ELISA 
substantially as described in Viera, et «i ZT r . 
2.487. (1990). The results of this assav =v, "»»ua-i.. 
9a- all e^r i->.^ • , ^ assay are shown in FIGURE 

an^ih developed high titer anti-NP 

antibodies, which persisted for more than 20 weeks A. H 
.n riGOHE 9b. the intradermal injections aopelred "o ^ve 

njections o. equivalent amounts of plasmid DMA. 
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e'isHL"' 7"^^ -presenc. respectively, che 

all graph points is 2560. 

EXAMPr.n: TI 
IW VTVO AMTTBonv »>..c«^TT7r7 

XP Tirp iHMnK9f ;TT> ,T Tr.ATo,>r rnT.. mra EO TSBBS op t^.., , 

TO compare humoral immune responses to naked gene expression 
vectors containing the immunoscimulatory poly^ucXeo^Taes oT 
the xnventxon to humoral immune responses to vectors lackLl 
such polynucleotides, the pCMV-Lac2 plasmid described in 
Example X (which includes two copies of the immunostimuLtorv 
polynuc.eotxde of SEQ.ID.No.l, was modified to substitute" 

TZ^TT.""^ ""'"^^ kanamycin resistance 

(KanR) . The resulting plasmid (pKCB-Lacz) lacks any of the 
xmmunostxmulatory polynucleotides of the invention (see 
vector maps in FIGURES x [pCMV-LacZJ and 3 IpKCB-Lacin ' In 
I!!!!!"' '^^'^ containing pCMV-Lacz plasmid includes the 

AACGTT (SEQ.iD.No.i, palindromic sequence at two separate 
locatxons in the vector within the AmpR gene. 

iTliTtli'' "i"."'" ""'^^ intrader^ally 

CK^ ^ '^^^"^ ^'^^"P «f was injected with 

pKCa-LacZ and supplementally injected with pUC-l9 a olasmid 
Which includes the gene. ^ a control' a fLth^groT 

Of mxce was xnaected with a non-specific bacterial DNA For 
comparxson of the overall immune response elicited. Tfiflh 
group was injected with a naked gene expression vector which 
operatxvely encodes CM-CSF (granulocyte -monocyte cololy 
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molecule. However, no antibody f^at^^ reporter 
sera of the .ice who received the^s "1", 
the higher level of r.cZ expressiorrc^ie' /h^™. ' '"'^'"'^ 
(detected as a measure of B-galactLr^r " 
hamster ova^ cells -ansfect^^™™ — 

FIGURE 10) . Yet anti-LacZ antibod„ T 
restored with co-administration of pKCB-LT^f" 

sK although no such respons^'^.s"::.:::r:;;:, 

xnjectxon of the control plasmid (id., ^he iT. 

Of the pUC-19 vector exceeded even thl ris! ""^"^^^""^ 

encoding vector (id.). "sponse to the GM-CSF 

To determine the effect of the imm 

polynucleotides of the invention orh^^ow^^^ZTn 

the PKCB-Lacz plasmid was modified toTncludHr 

copies of the AACGTT polynucleotide ! ^ I 

-PH gene (pKCB-xaaZ U ZTZ^^.tT:: '"""'^ 

comparison, groups of pKCB-l,ac2 anfp^rL.Z in"''"'^' ' '^"^ 

were also injected with, respect ively^c^"' ^"T 

Which lacced the Z.cZ reporter molecule ^ri JT " 

- Lacz were measured at . wee)cs af te^ 3 Tj^Z "^""^"^^^ 

aramunxzation as described above. 

As shown in FIGURE 4, virtually no antih^,^ 

^»3.Ct.d with pCKV-I^cZ .„d PCMV.L.CZ/PCHV ! 
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substancialli. greater antibody titers than even the mice 
injected wxth the pCMV plasmids, which responses increased in 
proportion to the number of copies of the AACGTT 
polynucleotide (SEQ. ID.No.a, present in the plasmid. The 
enhanced response as compared to the po^ pxasmids (which 
contaxn two copies of the AACGrr polynucleotide, is probablv 
attributable to the greater levels of Probably 

gyAMPt.R TEE 

TO 7^ TMMTTvn<;TTtmT.Torr VnT^rr..n^ ^ ^ 

TO determine whether the immunostimulatory polynucleotides of 
the invention (i.e.. palindromic, CO containinr^equence" ' 
stimulate cellular as well as humoral response!, t^ l^ll 
act.vxty Of CTI,s after immunization of mice witA elLeTpKCB- 
Lacz or pCMV-i,ac2 was tested. A control group of mice ^as 
immunized with the antigen in alum. 

Lrr%;f' (performed as described in 
Example II, . the mice were sacrificed and splenocytes were 
removed for use in standard mixed lymphocyt! cultures "he 
:a~.r" ^'^^^ ^ synthetic . 

l^cz CTL actxvxty 5-6 days, measured as a function of the 
percent lysis of cells exposed to the antigen by ^uLinT 
versus the effector (antigen) : target ratio 

AS shown in FIGURE 6, as the effector: target ratio was 

:™z'i"^ ^^^^^^^^ ^"^^""^ - -oTthe 

PCMV Lacz injected m.ce increased from about 18V to nearly 

100.. in contrast, the CTL activity in cultures from the 
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PKCB-Lacz and control injected mice h^^ . 

36:1. '■arget ratio was raised to 

TO determine the effect of the two copies of th. 
^mmunostimulatory polynucleotide (AACGT^r . 1 
the pCMV-i^acZ plas^id, another sr^ lTL^ SEQ.xn.Ko.x i„ 
mice received a co-injection of either s!o *"^ '"^"""'^ 
19. An increase in CTL activity to n! f ""^'^ °' P^^' 

achieved in the latter group JJxo™^ ^^^^ 

EXAMPT.p; Tt, 

gene from .„ hiki strain ot intluen.. „ '"^ 
Medicine, control groups incl"d.d ' " 
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vaccinated mice were significantly procected from the 
challenge (P(o.Ol) as compared to unvaccinated control mice • 
SSS.. FIGURE IX (a Kaplan -Meyer survival curve) . 

EXAMPLE V 

AP^ISTRATIOK OF KMCEn PnT,y« TT or.EQ,.TnFTfi 
IKDVCED PY AMTIGEN STTMITr.>TTn» ^ ^„ 

TO test whether the protective effect observed in the mice 
described in Example IV included long-term immunologic 
protective memory. 0.1, x. 10 and 100 ug of naked gene 
expression vectors (0.5-5 ng/l mg Dna endotoxin content) 
encoding the K.coli enzyme 3-galactosidase under the control 
of the CMV promoter were administered to groups of 4 
mice\dosage\route either intramuscularly ("IM") or 
intradermally ("ID") . Each plasmid included two copies of the 
immunostimulatory polynucleotide of SEQ.lD.No.l (pCMV-LacZ) . 

As a control, another group of 4 mice\dosage received 100 u9 
3-galactosidase protein {"PR-) intradermally. All injections 
were made using SO pi normal saline as carrier. IM and ID 
injections were made with a 0.5 ml syringe and a 28.5 gauge 
needle. Antibodies were thereafter measured by enzyme-linked 
immunoabsorbent assay at 2 week intervals. 

Total anti-p galactosidase antibodies were measured using (3- 
galactosidase (Calbiochem. CA) as the solid phase antigen 
Mxcrotiter plates (Costar. Cambridge, MA) were coated with s 
Mg of antigen dissolved in 90mM borate (pH 8.3) and 89mM NaCl 
(I.e.. borate buffered saline; BBS) overnight at room 
temperature and blocked overnight with 10 mg/ml of bovine 
serum albumin in BBS. 



I 



f 



wo 97/28259 

PCT/US97/012T7 

-54- 

Serum samples were serially diluted in BBS 

dilution for the first a weeks, the. " 1 320 ^1^^ a 1:^0 
Chereafter. xhese samples were added to tl pl^^T d 
stored overnight at room temoerature Plat!/ 
BBS.0.05V polysorbate 20. then reacted liT 
Of alkaline phosphatase label ed g^at It" ^ 
(.acson x™.oresearch I^s., West Tir^oT/n^''^"" 
room temperature, or were reacted wl^h 
alkaline phosphatase labeled ^Lt ant- Lu 

(Southern Biotech of At., . or !ere IT. ' T ' """'""'^^ 

dilution Of alkaline P^o^phat aTi abler 
antibody (Pharmingen, of CA, . under thf lal I"""' 
Plates were washed again, then a sol^tLrr, 
nitrophenol phosphate (Boehrinaer Mann^ °^ 
in 0.05 M carbonLe buffer IprreT ^««^-napolis, in, 

added. Absorbance at .05 nm'L " Id ""f ""'^^ 
Of substrate to the plates. addition 

Lesser antibody responses were measured 

had received the pCMV l.ac-2 plan's "y ^ ^'^r^'^ 

ID injection fdata not shownf. -n^ectlon than by 

-ese ani::ir d^:i:;Tm"L:^\^ z^i: :r::ri " ' 

e^d^o" ^-galac^sidlse" t^^e" ^ 

expected to mount a more vigorous immune response 
boosting With soluble protein antigen than^een^'^^ 
demonstrated in response to the priming dose of antigen. 

As shown in FIGURE 12, it is clear 

received XD infections of pCM^-Lalz plas ! T 
substantially Plasmid had developed 

cantxally better ammunological memory than did animals 
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^«terj!"'"^ ''f " infections of pias.id or of ph 
Further, the memory which was developed by the id inn«.. 7' 
animals persisted for a minimum of about 1. leks. 

EXAMPr.ff VT 

gELpcTivp TTm rrrT TON or , th, 

OF KAICED POr.YwyrT.«.»^Tp^.. 
In mice. Igc 2A antibodies are serrti«^^- -i 

r»^« serological markers for a thi 

cype immune response, whereas igG i antih«H<« 
of a TH2 tvno antibodies are indicative 

wi- a iM^ type immune response th5 v-o»i. «-ive 

.XXe^-.„„«„,, J,,^- ^^^^^^ 
t«,d to .ci„ul.ce r.l.eively Ir 

To determine which response, if any woulrf v, 

«tibodl„ specific ,„ ch. ISO 1 ana Ic^ « !T ' 
pi„„ co.c.d "'^r °» 

As shown in FIGURE 13. only the rnie- w».« 

As shown in Ftgupp • • ^ antibodies, 

•wwti in FIGURE 14. immunization oF .-k- 
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wichouc apparent selectivity. The data shown in the FIGURES 
co^rxse averages of the values obtained from each group of 4 



tL "-^ili-y Of the antibody response over 

txme. the same group of animals were boosted with 0 5 of 
enzyme xnjected intradermally. As shown in FIGURES and X6 
boostxng of ID in^ec.ion primed animals with the enz^e 
xnduced a nearly 10-fold rise in igo 2A antibody res^nses 
(x.e. the antibody titer rose from X:S40 to l:Lor but did 
net stimulate an Igc 1 response. These data indicatl that the 
selective THX response induced by 10 administration of nLed 
polynucleotides is maintained in the host, despite su^seH 
exposure to antigen. ««ocquent 

EXAMPLE 
SPPPRSSSIOM OV AHTTT^ qi^y 
RESPQWSR TO ftirr-'-'TffW BY TM^^TT^yj^^^^^^ 

WITH ANTXggN-ENConTwo POT.vTmo^ ,^»^^^ 

using the experimental protocol described in Examples V and 
VI. five to eight week old Balb/c mice were immunized with 
one of two naked gene expression vectors of the invention- 
Che pCMV-LacZ plasmid described in Example V or a control ' 
Plasmid. pCMV-BL (which does not encode for any insert 
peptide and does not contain immunostimulacory 
polynucleotides) . A third group of the mice received 
infections of antigen (p galactosidase) . Plasmid DNA was 
purxfxed and xts enddtoxin content reduced to O.S-5ng/img DNA 
by extraction with TRITON X-114 (Sigma, St. Louis. Ml) 

!rfn„^°*'"'^"''"' P«ciPitated in ethanol. washed 

wxth 70V ethanol and dissolved in pyrogen free normal saline. 
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Immunizacion was by intradermal injection of plasmid DMA 
loaded onto separate tynes of a MONOVACC® multiple tyne 
device (Connaught Lab. Inc.. Swiftwater. PA). Briefly, the 
tyne devices were prepared after extensive washing in DDW and 
overnight soaking in O.S* SDS (sulfated dodecyl saline), 
washed again in DDW. soaJced overnight in O.lN NaOH. washed 
again in DDW and dried at 37oc for a hours, six ul of 
plasmid DNA dissolved in normal saline were pipetted onto the 
tynes of the tyne device just prior to each inoculation 
described below. The total amount of pDMA loaded on the 
device per inoculation was 25 pg each of pCMV-LacZ and pCMV- 
BL. For purposes of estimating actual doses, it was assumed 
that less than 10% of the pDNA solution loaded onto the tyne 
device was actually introduced on injection of the tynes into 
intradermal tissue. 

Each mouse was treated 3 times .with 2 inoculations of each 
plasmid in a one wee)c interval injected intradermally at the 
base of the tail. Another group of mice received a single 
intradermal injection in the base of the tail of lOug of p 
galactosidase protein (dissolved in SOpl of normal saline) in 
lieu of pDNA. 

Toward inducing an IgE antibody response to subsequent 
antigen challenge, each group of mice was injected once 
intraperitoneally with O.i ml of phosphate buffered saline 
(PBS) solution containing ipg of antigen (B galactosidase; 
Calbiochem. San Diego. CA) and 3mg of ALDM aluminum hydroxide 
as adjuvant (Pierce Chemical. Roc)cford. IL) 14 weeJcs after 
the initial immunization. Total IgE was assayed in sera from 
the mice 4 times over the subsequent 4 consecutive weeks. 
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IgE was detected using a solid phase t-aH^^^^ 

in ^ or 11 . pnase radioimmunoassay (RAST) 

X. ...... vor.T'ue, r:::r r™^ 

excepc chac purified polyclonal goat ancibodiersiecxf c'f^r 
mouse e chains were used in lieu of antih«rt- ^<=>r 
hu.an Pab. To detect anti-LacZ ZsB llTZlls^'^^''"""'' 
With 3 salaccosidase (10Mg/„l, . ^ lo^eL IT 
measurable by the assay employed was 0.4n: cJ™^"""'"" 

Measuring specifically the anti-antigen response by each 

..oup Of .ice as shown in PXCURH 17. anti-Lz Xgt le.e.s in 

nhe plasmid injected mice were consistently low both 

and after boosting (averaging about .SO ll ^l"^ "'ZZ 

the protein injected mice developed high levels of a^tT r % 

particularly after the first antigen bLter • 

anti.LacZ levels in the mice rose to !n av '"^^r""' 

PPM ^ average of about 3000 

levels irth"" -^^-i^ion of tolerance. anti-.acz igH 

continued to rise in the control mice who had not received 
any immunization to 0 galactosidase . received 

These data show that the plasmid injected mice developed an 
antigen specific THl response to the plasmid excressl^n 

wh^t^oletn'c™"'^^ 

onlTaft'^ de::/" "'^^"^ ^"^^^^ ^"^f^^^*^ -ice 

tocll and" substantially higher levels of 

total and antigen specific IgE antibodies. 
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EXAMPLs; vrj r 

PSIWG A ptparrCBT. AGENT TO KI.IgTT ^rwM QME 

FIGURE 18 depicts Che results of an ELISA performed as 
described in Example 1 for serum levels of anti-NP IgG 
following epidermal administration of the pCMV-NP vector 
described in Example I in conjunction with the application of 

a chemical agent . 

The plasmid was suspended in 40 of an isotonic normal 
saline solution containing approximately iso ug of plasmid 
per milliliter. This solution was absorbed onto the 
nonadhesive pad of a BAND-AID* brand bandage (Johnson & 
Johnson) . 

A Balb/c mouse was shaved along the base of its tail and a 
commercially available keratinolytic agent {here, the 
previously described depilatory creme sold under the 
trademark NAIR®) was applied to the shaved skin. After 
several minutes, the keratinolytic agent was washed off of 
the skin and the plasmid- containing bandage applied thereto 
As shown in FIGURE 18. the treated animal developed serum 
anti-NP IgG at a titer of 1:640. 



ENHAyCtlMKNT QF INTEHFRRON AMn r ^ QlCTllB Ij r.- ^^ 
PRODPOTTOW TTT fiyj«ALS TMy^;,;T. »^ 

Two groups of mice were immunized with either pCMV-LacZ or 
PKCB-Lac2 as described in Example III. a third group of mice 
received a combination dose of pKCB-LacZ and pUC-i9 as 
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described in Example II. After sacrifice, solenocyces were 
removed and challenged in vicro with 3-gala;cosidT:e alt^^en 
The release of iKN-y and lL-4 into supernatants from the 
ancxgen challenged cells was measured. 

Mice immunized with pKCB-LacZ alone produced little tpm 

as compared to mice immunized with T^^^.lTJZ' 
combination pKCB-I^acZ/pUC-lS dose i^, pxgurks 15 an^o) . 

The invention having been fully desc»-iK«^ 

modifications are within the scor»*» • 
defined by the appended claL " 
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SUMMARY OF SEQ TTTg KCES 

SEQ.ID.No.l is a non-coding, imtnunostimulatory polynucleotide 
useful in the invention. 

SEQ.ID.N0.2 is a non-coding, imtnunostimulatory colynucleotide 
useful in the invention. 

SEQ,ID.No.3 is a non-coding, immunostimulatory polynucleotide 
useful in the invention. 

SEQ ID,No.4 is a non-coding, immunostimulatory polynucleotide 
useful in the invention. 

SEQ.id.no. 5 is a non-coding, immunostimulatory polynucleotide 
useful in the invention. 

SEQ.lD.No.S is a non-coding, immunostimulatory polynucleotide 
useful in the invention. 

SEQ,iD.No.7 is a non-coding, immunostimulatory polynucleotide 
useful in the invention. 

SEQ ID.N0.8 is a non-coding, immunostimulatory polynucleotide 
useful in the invention. 

SEQ ID.N0.9 is a non-coding, immunostimulatory polynucleotide 
useful in the invention. 

SEQ.lD.No-lo is a non-coding, immunostimulatory 
polynucleotide useful in the invention. 
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SEQ.lD.No.lx is a non-coding, immunostimulatory 
polynucleotide useful in the invention. 

SEQ.iD.No.i2 is a non-coding, immunostimulatorv 
polynucleotide useful in the invention. 

SEQ.ID.NO.X3 is a non-coding, immunostimulatorv 
polynucleotide useful in the invention. ^ 

SEQ.ID.No.l4 is a non-coding, immunostimulatorv 
polynucleotide useful in the invention. 

SEQ.XD.No.ls is a non-coding, immunostimulatory 
polynucleotide useful in the invention. 

PoL'°*r*" " ' — <^-g. immunostimulatory 
polynucleotide useful in the invention. 

p!?:^°'r'" ' non-coding, immunostimulatory 
polynucleotide useful in the invention. 

llt^l'^'T'^' " "°n-coding. immunostimulatory 
polynucleotide useful in the invention. 

SEQ.iD.No.l9 is a non-coding, immunostimulatory 
polynucleotide useful in the invention. 

SEQ.iD.No.20 is a non-coding, immunostimulatory 
polynucleotide useful in the invention. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(1) APPLICANT: Carson, Dennis A. 

Raz, Eyal 

(ii) TITLE OF INVENTION: RECOMBINANT GEhTP rvtJoc««,»* 

METHODS FOR USE OF SAti TO^wSJ^r VECTORS AND 

A HOST TO AN ANTIGEN ^^^^^^E THE IMMUNE RESPONSE OF 

(iii) NUMBER OF SEQUENCES: 20 

(iv) CORRESPONDENCE ADDRESS" 

Jn! ^^^^ * Richardson P,c 

III c^5rT£a^^L\r^^"^^^^ "00 

(D) STATE: California 
(EJ COUNTRY: USA 
(F) ZIP: 92037 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Fioppy <Usk 
(BJ COMPUTER: IBM PC coir^atible 
C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D, SorrwARE: Patentin Release Version ,1.30B 

(Vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE; 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION- 

(A) NAME: Kowells, Stacy L. 

(B) REGISTRATION NUMBER: 34,842 

(C) REFERENCE/DOCKET NUMBER: 07340/044001 

<ix) TELECOMMUNICATION INFORMATION- 

(A) TELEPHONE: (619) 678-5070 

(B) TELEFAX: (619) 678-5099 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iij MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
AACGTT 



1 



r 



wo 97/28259 

PCT/US97/01277 

-64- 

(2} INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERZSTICS* 

(A) LENGTH: 6 base paira 

(B) TYPE: nucXeic acid 

(C) STRANDEDNESS: doubXe 

(D) TOPOLOGY: Xlnear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ 10 NO:2: 
TTGCAA 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i> SEQUENCE CHARACTERISTICS' 

(A) LENGTH: 6 base pairs 

(B) TYPE: nucXeic acid 

(C) STRANDEDNESS: single 
iV) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: l.,6 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GCGCGC 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 6 base pairs 

(B) TYPE: nucXeic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

<B) LOCATION: !,.€ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
GACGTC 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: COS 
iS) LOCATION: 1..6 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AGCGCT 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: I.. 6 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
ATCGAT 

(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: l.,6 



(Xi) SEQUENCE DESCRIPTION: SEQ ID 
CGATCG 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1,,6 

(xi) SEQUENCE DESCRIPTION: SEQ ID MO: 8 
CGTACG 

(2) INFORMATION FOR SEQ ID NO: 9; 

(i) SEQUENCE CHARACTERISTICS- 
rA) LENGTH; 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genoiaic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: l.,6 

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 9: 
CGCGCG 

(2) INFORMATION FOR SEQ ID NO: 10: 

Ci) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 6 base pairs 
<B) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: l.,6 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
TCGCGA 
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(2 J INFORMATION FOR SEQ ID NO: XI: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 base pairs 

(B) TYPE: nucleic acid 
«C) STRANDEDNESS: Single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

<ix) FEATURE; 

(A) NAME/KEY: CDS 

(B) LOCATION: 1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 
ACCGGT 

<2) INFORMATION FOR SEQ ID NO: 12: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genoniic) 

(ix) FEATURE: 

(AJ NAME/KEY: CDS 
CB) LOCATION: 1..4 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

ACGT 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Ix) FEATURE: 

(A) NAME/KEY; CDS 

(B) LOCATION: l.,10 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:I3: 
GACGATCGTC 
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(2) INFORMATIOM FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS- 
<A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDCDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ONA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 
<B) LOCATION: 1,.8 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
ACGATCGT 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS' 

(A) LENGTH: 12 base paiis 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ix) FEATURE: 

(A) KAKE/KEY: CDS 

(B) LOCATION: 1..12 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:15; 
CGACGATCGT CG 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS- 
(AJ LENGTH: IB base pairs 
(BJ TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

<ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1, .18 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CGACGACGAT CGTCGTCG 
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12) IKFORMATIOW FOR SEQ ID NO: 17: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 
fC) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: COS 

(B) LOCATION: 1,.8 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17; 
CAACGTTG 

(2) INFORMATION FOR SEQ ID NO: 18: 

<i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1,.10 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
ACAACGTTGT 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..12 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:19: 
AACAACGTTG TT 
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(2) INFORMATION FOR SEQ ID NO:20: 

(1) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 14 base pairs 
<BJ TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: ONA (genomic) 
(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1..14 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 
CAACAACCTT CTTG 
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CliAZMS 



A recombinant gene expression vector into which at least ^eed O^V 

one non-coding, immunostimulatory polynucleotide has enO'^'^^ 
been xnserted. wherein the immunostimulatory o.^^^ 
pciynu_cleotide is comprised of at least one strand of a ' 
palxndrome wherein the palindrome includes at least one 
dxnucleot.de consisting of adjacent, unmethylated 
cytosxne and guanine nucleotides. 

The recombinant gene expression vector of Claim 1 
wherein the vector is a plasmid or cosmid. 

The recombinant gene expression vector of Claim 2 
wherein the plasmid or cosmid is naked. 

The recombinant gene expression vector of Claim i 
wherein the palindrome of the immunostimulatory 
polynucleotide is at least 6 nucleotides in length. 

The recombinant gene expression vector of Claim 1 
Wherein the dinucleotide in the palindrome consists of a 
cytosxne nucleotide in the 5' position and a guanine C.C 
nucleotide in the 3' position. 

The recombinant gene expression vector of claim i 
Wherein the dinucleotide in the palindrome consists of a 
cytosine nucleotide in the 3' position and a guanine ^ ^ 

nucleotide in the 5' position. 
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7. The recombinant gene expression vector of Claim 5 

wherein at least two purine nucleotides are upstream and r.r C^^^ 

adjacent to the cytosine nucleotide of the JnnaUZZ 
and at least two pyrimidine nucleotides are downstream 
and adjacent to the guanine nucleotide. 

8. The recombinant gene expression vector of Claim 5 
wherein at least two pyrimidine nucleotides are upstream 

and adjacent to the cytosine nucleotide of the ^^CcRv. 
dinucleotide and at least two purine nucleotides are 
downstream and adjacent to the guanine nucleotide. 

9. The recombinant gene expression vector of Claim 6 
Wherein at least two purine nucleotides are upstream and 

annri 'V -cleotide of the dinucleotide ^.l^CcH^ 

and at least two pyrimidine nucleotides are downstream 
and adjacent to the cytosine nucleotide. 

The recombinant gene expression vector of Claim 6 

InHd? " T ^^'""^^ nucleotides are upstream 

and adjacent to the guanine nucleotide of the a"?- 
dxnucleotide and at least two purine nucleotides are ' ' 

downstream and adjacent to the cytosine nucleotide. 

The recombinant gene expression vector of Claim 1 
further comprising a polynucleotide which encodes a 
polypeptide . 

The recombinant gene expression vector of claim 11 
wherein the polypeptide is an antigen or 
inmiunostimulatory antigen fragment. 
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13. The recombinant gene expression vector of Claim li 
wherein the polypeptide is a cytokine. 

The recombinant gene expression vector of claim 11 
Wherein the polypeptide is a T lymphocyte epitope. 

The recombinant gene expression vector of claim li 
wherein expression of the encoded polynucleotide is 
under the control of a nuclear receptor promoter. 

The recombinant gene expression vector of Claim 1 
wherein the immunostimulatory polynucleotide is selected 
from the group of polynucleotides having one strand 
which consists of AACGTT (SEQ . ID .No. 1) ; GCGCGC 
(SEQ.ID.No.3); GACGTC (SEQ. ID. No. 4) ; AGCGCT 
(SEQ. ID. No. 5); ATCGAT (SEQ. ID. No . 6) ; CGATCG 
(SEQ. ID. No. 7); CGTACG (SEQ. ID. No. 8) ; CGCGCG 
(SEQ. ID. No. 9); TCGCGA (SEQ. ID .No . 10) , ACCGGT 
(SEQ.ID.No.il); ACGT (SEQ . ID. No. 12) ; GACGATCGTC 
(SEQ.ID.No.13); ACGATCGT (SEQ. ID.No.14) ; CGACGATCGTCG 
(SEQ. ID. No. IS); CGACGACGATCGTCGTCG (SEQ. ID No 16)- 
CAACGTTG (SEQ. ID.No. 17) ; ACAACGTTGT (SEQ . ID.No . 18) ; 
AACAACGTTGTT (SEQ . ID.No. 19) . or CAACAACGTTGTTG 
(SEQ. ID. No. 20) . 

17. A recombinant gene expression vector consisting 
essentially of pKCB-laaZ. 

18. A recombinant gene expression vector consisting 
essentially of pKCB-2aa2. 
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an antigen comprxsmg introducing a recombinant gene 
expression vector into a tissue of the ho.^ ! 
rec^inant gene expression vector' LttiV^t™" 
one non-codxng. immunosti.ulatory polynucleotide lis 
been inserted, wherein the i«ununosti„ulatory 
polynucleotide is comprised of at lea«^ 

cytosme and guanine nucleotides. 

The method according to Claim wherein the recombinant 
9ene expression vector comprises a plascnid or cosltd 

The method accordino to ri=4,„ i_ 
9.n. .xp„,=i,„ vctor is """"" 

The method according to Claim 19 wherein ► 
introduced is a tissue which has a hirru 

aT,^^«- . concentration of 

antigen presenting cells relative to 

cj.<*txve to other host tissues. 

The method according to Claim 19 wherein th« « 
rrano ^ wnsrein the recombinant 

gene expression vector encodes at least one polypeptide. 

Ill """^f Z^^;^^^^"^ ^^-i- 24 Wherein at least one of 
the encoded polypeptides' is the antigen or an 
xmmunostimulatory fragment of the antigen. 
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The method according to Claim 24 wherein at least one of 
the encoded polypeptides is a cytokine. 

27. The method according to Claim 24 wherein at least one of 
the encoded polypeptides is a T lymphocyte epitope. 

The method according to Claim 25 wherein the antigen is 
expressed in the antigen presenting cells of the host 
tissue. 



A method according to Claim 19 wherein the recombinant 
gene expression vector is coated onto the tynes of a 
multiple tyne device and is administered by penetrating 
the skin of the host with the tynes. 

A method according to Claim 19 wherein the recombinant 
gene expression vector is introduced by absorption 
through sJcin or mucosa treated with a keratinolytic 
agent . 

A method according to Claim 24 wherein expression of the 
encoded polypeptide by the recombinant gene expression 
vector is under the control of a nuclear receptor 
promoter. 

A D»iA or SNA virus into which at least one non-coding, 
ammunostimulatory polynucleotide has been inserted 
wherein the immunostimulatory polynucleotide is 
comprised of at least one strand of a palindrome, 
wherein the palindrome includes at least one 
dinucleotide consisting of adjacent, unmethylated 
cytosine and gueuiine nucleotides. 
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33. The virus of Claim 32 wherein the palindrome of the 
immunostimulatory polynucleotide is at least 6 
nucleotides in length. 

ITl.^tT' °' dinucleotide in the 

palindrome consists of a cytosine nucleotide in the 5- 
posxtxon and a guanine nucleotide in the 3' position. 

lalilf " °' ^^^^ dinucleotide in the 

palxndrome consxsts of a cytosine nucleotide in the 3- 
posxtxon and a guanine nucleotide in the 5' position 

36. The virus of Claim 34 wherein at least two purine 

nucleotxdes are upstream and adjacent to the cytosine 
nucleotide of the dinucleotide and at least twf 
pyrimxdine nucleotides are downstream and adjacent to 
the guanine nucleotide. J-cenc co 

nu:i:o:rir ^^^"''^ ^^^^ Pynmidine 

nucleotides are upstream and adjacent to the cytosine 
nucleot.de of the dinucleotide and at least twi purL 

The Virus of Claim 35 wherein at least two purine 
nucleotides are upstream and adjacent to the guanine 
nucleot.de of the dinucleotide and at least tZ 
pyrimidine nucleotides are downstream and adjacent to 
the cytosine nucleotide. 
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The virus of Claim 35 wherein at least two pyrimidine 
nucleotides are upstream and adjacent to the guanine 
nucleotide of the dinuoleotide and at least two purine 
nucleotides are downstream and adjacent to the cytosine 

nucleotide. 
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